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EXECUTIVE  SUMMARY 


As  part  of  their  responsibilities  in  DOD  real  property  disposal, 
USATHAMA  must  identify,  contain  and  eliminate  toxic  and  hazardous  materials 
where  facilities,  potentially  available  for  alternate  government  or  private 
use,  have  been  declared  excess  or  are  candidates  for  excessing.  With  this 
mandate  USATHAMA  must  provide  not  only  the  technical  basis  to  implement 
decontamination  but  also  the  standards  to  insure  decontamination  has  been 
effective.  Battelle's  Novel  Processing  Technology  Program  supported  USATHAMA 
through  identification,  development,  and  recommendation  of  decontamination 
methods  for  Army  facilities  which  have  been  contaminated  with  chemical  warfare 
agents . 

In  a  first  phase  study  about  65  decontamination  concepts  were 
generated,  described  in  detail,  and  rank/ordered.  The  most  promising  concepts 
were  recommended  for  further  evaluation  -  hot  gases,  FREON®  vapor  circulation, 
flashblast,  monoethanol  amine,  steam,  ammonia,  ammoni a/steam,  and  an  aqueous 
solution  of  n-octylpyridinium  4-aldoxime  bromide  (OPAB). 

In  this  second  phase  study,  the  selected  concepts  were 
experimentally  evaluated  for  their  effectiveness  in  decontaminating  HD, 
GB  and  VX.  Emphasis  was  placed  on  the  concepts  ability  to  decontaminate 
these  agents  spiked  onto  painted  and  unpainted  mild  and  stainless  steels 
and  unpainted  porous  materials.  The  experimental  data  demonstrated  that 
the  hot  gas,  steam  and  OPAB  concepts  were  effective  decontaminants  for  each 
•agent/material  combination  investigated.  Each  of  the  other  techniques  (i.e., 
flashblast,  ammonia,  etc.)  was  effective  to  some  extent,  but  either  the 
effectiveness  was  limited  to  specific  agent/material  combinations  or  the 
concept  appeared  less  promising. 

An  engineering/economic  analysis  suggested  that  either  hot  gas 
or  steam  decontamination  of  field  structures  contaminated  throughout  with 
agent  is  feasible.  In  terms  of  cost,  the  hot  gas  concept  is  preferred  over 
the  steam  concept.  As  such,  the  hot  gas  concept  was  recommended  as  the 
primary  decontamination  concept  for  field  evaluations  in  Phase  3  of  the 
program.  The  steam  and  OPAB  concepts  were  also  recoirenended  for  Phase  3 
evaluations.  That  is,  OPAB  is  recommended  for  use  as  a  protective  coating 


and  as  a  non-corrosive  decontaminant  for  inside  of  pipes,  sumps,  and  other 
equipment;  steam  should  be  retained  as  a  back-up  to  the  hot  gas  concept. 

Analytical  method  development  activities  indicated  that  HD,  GB 
and  VX  interact  with  concrete.  The  interaction,  possibly  a  chemical  reaction, 
(i.e.,  hydrolysis)  may  obviate  the  need  to  decontaminate  unpainted  concrete 
in  the  field,  especially  in  the  case  of  the  nerve  agents  GB  and  VX.  The 
need  for  agent  impermeable  paint  on  concrete  in  future  agent  demilitarization 
facilities  should  also  be  reconsidered  because  of  this  apparent  reaction 
(i.e.,  paint  may  not  be  necessary). 
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DEVELOPMENT  OF  NOVEL  DECONTAMINATION  TECHNIQUES 
FOR  CHEMICAL  AGENT  (GB,  VX,  HD), 

CONTAMINATED  FACILITIES  -  PHASE  2 

to 

UNITED  STATES  ARMY 

TOXIC  AND  HAZARDOUS  MATERIALS  AGENCY 
from 

BATTELLE 

Columbus  Laboratories 

June  21,  1985 

1.0  INTRODUCTION 

As  part  of  their  responsibilities  in  DOD  real  property  disposal,  the 
U.S.  Army  Toxic  and  Hazardous  Materials  Agency  (USATHAMA)  must  identify,  contain 
and  eliminate  toxic  and  hazardous  materials  and  related  contamination  where 
lands  and  facilities,  potentially  available  for  alternate  government  or  private 
use,  have  been  declared  excess  or  are  candidates  for  excessing.  With  this 
mandate  USATHAMA  is  to  provide  the  technical  basis  to  implement  the  decontamin¬ 
ation  and  also  provide  the  standards  to  insure  decontamination  has  been 
effective.  Facilities  which  might  require  such  decontamination  are  located  at 
Tooele  Army  Depot,  Rocky  Mountain  Arsenal,  and  Edgewood  Area  of  Aberdeen 
Proving  Ground.  Of  concern  are  contaminated  building  structures,  underground 
and  above  ground  storage  tanks,  reaction  vessels,  sumps,  waste  stream 
conduits,  and  pipes.  Both  the  exposed  surfaces  of  the  materials  as 
well  as  the  interior  areas  into  which  chemical  warfare  agents  have 
penetrated  (i.e.,  through  cracks,  pores,  or  other  openings)  may  require 
decontamination. 
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USATHAMA  envisions  that  new,  improved  procedures  for  the  decontami¬ 
nation  of  facilities  previously  utilized  for  chemical  agent  manufacture 
or  testing  will  be  required.  The  only  currently  approved  method  of  decontami¬ 
nating  materials  involves  incineration  at  a  temperature  of  1000  F  for  a 
period  of  15  minutes.  Materials  exposed  to  such  conditions  are  described 
as  having  attained  the  5X  status  and  are  defined  as  suitable  for  unrestricted 
use.  Unfortunately,  the  time  and  expense  required  to  accomplish  such 
decontamination  is  immense.  Successful  development  of  an  alternative  decon¬ 
tamination  technique  which  would  not  require  the  dismantling  of  a  facility 
and  which  would  result  in  a  5X  decontamination  status  rating  (or  its  equivalent) 
without  incineration  represents  a  potentially  large  cost  savings  to  the 
Government. 

USATHAMA  tasked  Battelle  Columbus  Laboratories  in  the  Novel 
Processing  Technology  Program  to  identify  and  develop  treatment  methods 
and  to  recommend  plans  for  carrying  out  the  decontamination.  The 
ideal  concept  would  be  a  single  method  that  is  both  universally  applicable 
and  most  cost  effective.  Decontamination  of  structures  and  equipment 
contaminated  with  chemical  agents  to  a  level  that  does  not  pose  a 
hazard  during  unrestricted  use,  represents  an  extremely  difficult 
problem  in  any  excessing  action.  This  document  details  the  efforts 
of  Phase  2  of  USATHAMAs  three  phase  research  and  development  program 
for  the  restoration  of  chemical  warfare  agent  installations.  A  description 
of  the  program  which  leads  to  site  implementation  of  one  decontamination 
concept  is  given  in  Figure  1. 

1.1  Phase  1  Results 


In  the  first  phase  study,  about  65  concepts  (See  Table  1) 
were  generated  and  described  in  sufficient  detail  to  permit  their 
evaluation  against  the  criteria  of  mass  transfer,  destruction  efficiency, 
safety,  damage  to  structures,  penetration  depth,  applicability  to 
complex  structures,  operating  costs,  capital  costs,  and  waste  treatment 
costs. ^  This  evaluation  was  the  basis  for  the  selection  of  the 
most  promising  concepts  for  experimental  evaluation  in  the  second 
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*  Task  2  and  4  were  parallel  efforts  focusing  on  explosive  decontamination 
concepts . 


FIGURE  1.  DESCRIPTION  OF  RESEARCH  AND  DEVELOPMENT  PROGRAM 
FOR  AGENT  INSTALLATION  RESTORATION 
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TABLE  1.  AGENT  DECONTAMINATION  CONCEPTS 
EVALUATED  DURING  PHASE  I 


chemical 

OCTYL  PYRIOINtUM  4-ALOOXIME  SROMIOE  (OPAB) 
0S2  (A) 

CD-I  (8) 

SUPERTROPICAL  8LEACH  (STB) 

ALL  PURP05f  OECQNTAMINANT  (APD)  (C) 
MDNOETHANf  'MINE 
GAMMA  RAC:  ION 
NITRIC  AC 

AWONIUM  JROXIDE 

HYPOCHLORITES 

OANC 

GASEOUS  AMINES 

CHLORINE 

STEAM 

AMMONIA/STEAM 
PERCHLOPYL  FLUORIDE 
GERMAN  EMULSION 
HYDROXAMIC  ACIDS 
SOOIUM  HYOROXIDE  SOLUTION 
DIMETHYL SULFOXIDE 
MACROCYCLIC  ETHERS 
PROPIONYL  FLUOR IOE 
PHENOLS/ CATECHOLS 
CARBONATE/BICARBONATE  SOLUTIONS 
CHLORITE  SOLUTIONS 
CHLORINE  01 OX  I OE 
.NITROGEN  TETROXIOE 
BORON  TRIFLUORIDE 
OZONE 

SULFUR  DICHLORIOE 
UV/OZONE 

ULTRASONIC  DECOMPOSITION 
COPPER  LIGANDS 

VANADIUM  CATALYZED  HYDROLYSIS 
ANTHRANILIC  ACID-SILVER  COMPLEXATION 
MAGNESIUM  HYDROXIDE  IMPREGNATED  ALUMINA 
COMPLEXATION  WITH  MOLYBDENUM  LIGAND 
PERBORATES 

MICROBIAL  DEGRADATION 
PERMANGANATE  SOLUTIONS 
ENZYME  PROTEINS 
SODIUM  SULFIDE 


PHYSICAL/EXTRACTION 

SURFACTANTS 
STRIPPABLE  COATING 
VAPOR  CIRCULATION 
SOLVENT  CIRCULATION 
SUPERCRITICAL  FLUIOS 
ULTRASONIC  EXTRACTION 


PHYSICAL/ABRASIVE 

HYDROBLASTING 

AC  10  ETCH 

SANDBLASTING 

DEMOLITION 

VACU-BLASTING 

CRYOGENICS 

SCARIFICATION 

ELECTROPOLISHING 

DRILL  ANO  SPALL 


THERMAL 

FLASHBLASTING 

HOT  PLASMA 

MICROWAVE  HEATING 

FLAMING 

HOT  GASES 

SOLVENT  SOAK/BURN 

INFRARED  HEATING 

CARBON  DIOXIDE  LASER 

ELECTRICAL  RESISTANCE  CONTACT  HEATING 


T)  Mixture  of  70  weight  percent  diethylenetriamine,  28  weight  percent 
methyl  cellosolve  and  2  weight  percent  sodium  hydroxide. 

B)  Mixture  of  55  volume  percent  monoethanolamine,  45  volume  percent  propylene 
glycol  and  2.5  weight  percent  lithium  hydroxide. 

C)  Mixture  of  54  weight  percent  monoethanolamine,  44  weight  percent 
isopropanolamine  and  2.5  weight  percent  lithium  hydroxide. 
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phase  laboratory  studies.  The  most  promising  concepts  recommended 
for  further  evaluation  in  Phase  2  were  the  use  of: 

•  Hot  gases 

•  Steam 

9  N-Octyl-pyridinium  4-aldoxime  bromide  (OPAB) 

9  Monoethanolamine  (MEA) 

$  FREON  113®  Vapor  Circulation 

•  Ammonia  Gas  or  Ammonia/Steam 

•  Flashblast 

These  suggested  decontamination  methods  are  briefly  described  as  follows. 

Hot  Gases.  The  interior  of  a  building  is  heated  by  hot  exhaust 
gases  from  a  combustion  device  located  outside  the  building.  As  the  material 
temperature  increases,  agents  will  decompose  by  pyrolysis  and/or  volatilize 
from  the  surface.  The  interior  of  the  building  will  be  heated  by  conduction. 
If  agent  volatilization  occurs,  provision  to  treat  the  building  exhaust 
gas  to  remove/ destroy  the  intact  agent  would  be  required. 

Steam.  A  boiler  is  provided  outside  the  building  and  steam  is 
piped  into  the  structure,  decontaminating  the  entire  building  at  once. 

The  elevated  temperature  will  promote  aoent  hydrolysis  reactions  and  cause 
volatilization  of  agents  from  subsurfaces.  The  steam  itself  should  penetrate 
concrete,  perhaps  more  readily  than  might  be  expected  for  liquid  reactants. 
The  condensate  must  be  considered  hazardous  until  proven  otherwise. 

OPAB.  OPAB  is  a  dilute  aqueous  solution  of  1-octylpyridinium 
4-aldoxime  bromide.  The  reaction  of  oximes  with  the  nerve  agents  is  well 
documented,  but  this  reagent  appears  to  be  especially  effective  with  VX. 

Its  safety  has  been  validated  and,  in  fact,  it  is  closely  related  in 
structure  to  the  nerve  agent  antidotes,  PAM  and  toxogonin.  The  products 
produced  with  OPAB  and  nerve  agents  are  the  same  as  those  produced  on 
hydrolysis,  but  this  reagent  is  especially  appealing  because  of  its  speed 
and  safety. 


MEA.  MEA  is  known  to  be  a  very  active  reagent  for  HD.  It  is 
good  solvent  for  HD  and  is  rapidly  alkylated  by  HD.  Unlike  HD,  the  products 
of  HD  decomposition  by  this  reagent  are  all  water  soluble  (as  is  MEA), 
thus  facilitating  removal  of  products  via  a  water  wash.  Once  reaction 
with  HD  has  taken  place,  it  should  not  be  reversible. 

FREON  113  Vapor  Circulation.  FREON  113  is  heated  to  its  boiling 
point  and  the  vapors  allowed  to  circulate  in  a  building.  The  vapors  per¬ 
meate  porous  building  materials  where  they  condense,  solubilize  the  agent, 
and  aid  diffusion.  The  condensed  FREON,  laden  with  contaminant,  is  collected 
in  a  sump  and  treated  to  permit  recycle. 

Ammonia  Gas.  The  appeal  of  gaseous  decomposition  systems  is 
their  ability  to  permeate  throughout  a  building  including  subsurfaces. 

Ammonia  should  react  with  HD  to  produce  thiomorpholines.  Ammonia  alone 
is  not  expected  to  effectively  decontaminate  nerve  agents,  but,  in  the 
presence  of  water  (perhaps  as  steam),  will  raise  the  pH  and  promote  hydrolytic 
decomposition.  Because  ammonia  is  moderately  toxic,  it  can  be  introduced 
into  a  sealed  building  and  exhausted  through  an  absorber.  This  approach 
is  thus  similar  to  steam  treatment,  but  provides  a  reagent  specific  for 
HD  which  will  at  the  same  time  promote  base  catalyzed  GB  and  VX  hydrolysis 
in  the  presence  of  moisture. 

Flashblast.  The  flashblast  device  consists  of  a  high  intensity 
Xenon-quartz  strobe  light  which  can  be  focused  onto  a  contaminated  surface. 

The  high  enerqy  light  pulse  produces  enough  heat  to  remove  paint  and  rust  films 
and  to  thermally  decompose  surface  contaminants. 


1.2  Background  of  Phase  2  -  Laboratory  Evaluation 

The  second  phase  effort  was  designed  to  experimentally  evaluate 
the  concepts  selected  from  Phase  1  and  to  recommend  one  to  three  of  the 
most  promising  concepts  for  field  evaluation  in  Phase  3.  The  ideal  case 
was 'development  of  a  single  decontamination  method  which  is  both  cost  effective 


and  universally  applicable  to  all  types  of  agent-contaminated  materials. 
However,  the  development  of  a  single  decontamination  method  specific  to 
one  agent  would  also  be  considered  in  the  event  that  a  "universal"  concept 
was  infeasible.  Materials  of  concern  identified  from  Phase  1  site  surveys 
for  which  decontamination  methods  were  to  be  developed  in  Phase  2  included: 

•  Stainless  steel  -  painted  and  unpainted 

•  Mild  steel  -  painted  and  unpainted 

•  Concrete  -  painted  and  unpainted 

The  approach  used  to  develop  the  decontamination  concepts  through 
experimental  evaluation  focused  on  subjecting  the  concepts  to  conditions/ 
materials  progressively  more  difficult  to  decontaminate.  At  each  stage 
of  the  process,  attempts  were  made  to  make  the  concept  work  by  either  altering 
process  parameters  or  the  use  of  additives.  A  logic  plan  detailing  the 
stages  of  the  concept  development  process  is  illustrated  in  Figure  2  and 
discussed  as  follows. 

In  the  first  stage  of  the  evaluation,  the  decontamination  effective¬ 
ness  of  each  chemical  concept  (i.e.,  MEA,  OPAB,  Steam,  and  Ammonia)  against 

HD,  GB,  and  VX  was  determined  in  laboratory  glassware  (i.e.,  no  matrix 
present).  Based  on  these  experiments  the  most  promising  concepts  were 
selected  for  further  evaluations.  If  in  these  tests,  conditions  could  not 
be  found  in  which  an  agent(s)  was  effectively  decomposed  by  any  one  chemical 
concept,  then  an  alternative  replacement  concept  would  be  selected  from 
the  Phase  1  concept  list  and  its  effectiveness  determined  in  the  same  manner. 

In  the  second  stage  of  the  evaluation  process,  the  selected  chemical 

concepts  as  well  as  the  hot  gas,  flashblast  and  vapor  circulation  concepts 

were  evaluated  in  a  test  chamber.  Unpainted  stainless  steel  spiked  with 
HD,  GB,  or  VX  was  selected  as  the  substrate  for  the  second  screening  of 
the  concepts.  Unpainted  stainless  steel  allowed  the  highest  recovery  of 
agent  and  therefore  yielded  the  most  accurate  measure  of  decontamination 
effectiveness.  Based  on  the  experimental  data,  the  three  most  promising 
concepts  were  then  selected. 

The  third  stage  of  the  evaluations  focused  on  the  decontamination 
of  painted  and  unpainted  mild  steel,  painted  stainless  steel  and  concrete 


FIGURE  2.  TASK  3  LOGIC  DIAGRAM 
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in  the  test  chamber.  The  materials  provided  places  into  which  agent  can 
be  absorbed  (i.e.,  paint  and  concrete  pores).  Two  concepts  were  then 
selected  for  evaluation  in  the  engineering/economic  analyses  from  which  a 
concept  applicable  to  all  three  agents  was  recommended. 

2.0  objectives 

The  purpose  of  Phase  2  was  to  validate  novel  cost  effective 
decontamination  concepts  selected  in  Phase  1  for  the  decontamination  of 
agent  contaminated  facilities.  The  objective  was  to  demonstrate  the 
applicability  of  the  selected  concepts  for  decontamination  of  building 
materials  to  concentrations  below  the  detection  limit  using  samples  that 
have  been  contaminated  in  a  controlled  manner  in  a  laboratory  environment. 
Data  on  their  effectiveness,  reliability,  waste  product  characteristics, 
possible  hazards  and  approximate  cost  were  used  to  make  a  selection  of  the 
most  cost-effective  method  for  pilot  testing  in  the  subsequent  phase  and 
for  detailed  concept  design  for  field  trials. 

3.0  SYNOPSIS  OF  PHASE  2  RESULTS 

The  Phase  2  experimental  program  was  divided  into  subtasks  as 
follows  (See  the  Design  Plan  in  Appendix  I). 

Subtask  1.  Regulatory/Agency  Visits 

Subtask  2.  Test  Preparations 

Subtask  3.  Chemical  Concept  Prescreening 

Subtask  4.  Diffusion  Studies 

Subtask  5.  Stainless  Steel  Surface  Screening 

Subtask  6.  Steel/Concrete  Tests 

Subtask  7.  Engineering/Economic  Analysis 

Subtask  8.  Preparation  of  Final  Report  and  Field  Test  Plan 

Subtask  9.  Fate  of  Agent  in  Concrete* 

Subtask  10.  JACADS  Decontaminations  Evaluation* 

Analytical  Summary  Report* 

*  Additional  efforts  requested  by  USATHAMA  in  contract  modifications. 
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The  subtasks  are  summarized  as  follows.  Detailed  descriptions  of 
the  experimental  and  engineering  efforts  are  given  in  the  appendices. 

3.1  Regulatory/ Agency  Visits 

Program  overviews  were  given  and  issues  (e.g.,  5X  decontamination 
versus  decontamination  to  below  the  detectable  limit)  were  raised  at 
presentations  to  various  safety  and  regulatory  groups.  The  presentations 
served  to  acquaint  the  DOD  safety  community  of  near-term  future  plans  for 
facility  decontamination  methods.  An  initial  safety  agency  presentation  was 
conducted  at  U.S.  Army  Toxic  and  Hazardous  Materials  Agency  (USATHAMA) 
on  November  2,  1983,  to  brief  the  USATHAMA  Safety  Group.  Other  briefings 
were  given  at  the  U.S.  Army  Pollution  Abatement  Symposium  (November  6-8,  1984) 
held  at  Blacksburg,  Virginia  and  the  21st  DOD  Explosives  Safety  Seminar 
(August  23-30,  1984)  held  at  Houston,  Texas. ^ 

3.2  Test  Preparations 

A  test  chamber  was  designed  and  constructed  such  that  application 
of  a  decontamination  concept  could  be  performed  in  a  controlled  environ¬ 
ment.  Design  criteria  for  the  test  chamber  include 

•  access  ports  to  allow  introduction  of  coupons  and  removal 
of  effluents, 

•  allow  decontamination  of  coupons  by  liquid  decontaminants/ 
solvents,  by  gaseous  decontaminants/solvents,  and  by  thermal 
methods , 

•  be  sized  to  fit  within  a  toxic  materials  laboratory  hood. 

A  detailed  description  of  the  test  chamber  is  given  in  the  Subtask  5  test 
report  (See  Appendix  IV). 

3.3  Chemical  Decontamination  Concept  Prescreening 

A  preliminary  evaluation  of  the  five  chemical  decontamination 
concepts  identified  in  Phase  1  of  the  Novel  Processing  Program  was  performed 
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in  Subtask  3.  The  concepts  which  were  evaluated  in  laboratory  scale  glassware 
included  monoethanol  amine  (neat  and  50  percent  aqueous  solution),  aqueous 
solution  of  l-octylpyridinium  4-aldoxime  bromide  (OPAB),  anhydrous  ammonia, 
steam,  and  steam/ammonia. 

The  results  indicated  that  all  of  the  chemical  decontaminants  were 
effective  on  specific  chemical  agents.  The  most  promising  concepts,  involving 
the  use  of  either  steam  or  OPAB,  achieved  high  destruction  efficiencies 

(i.e.  99.5  to  the  detection  limit  of  99.8  percent  destruction)  for  all  three 
agents  (HD,  GB,  and  VX).  Product  identification  results  indicated  that  both 
OPAB  and  steam  caused  hydrolysis  of  the  agent  molecule  whereby  key  bonds  on  the 
molecule  (e.g.,  P-F  on  GB,  P-S  on  VX,  and  C-Cl  on  HD)  were  broken.  As  such. 
Battel le  and  USATHAMA  selected  the  steam  and  the  OPAB  concepts  for  further 
evaluation  in  subsequent  subtasks  involving  decontamination  of  steel  and  concrete 
matrices.  Because  of  the  effectiveness  of  the  other  chemical  decontaminants, 
no  concept  was  eliminated  but  rather,  all  remaining  concepts  were  retained  in 
the  event  that  an  alternative  decontaminant  would  be  required  in  the  subsequent 
efforts. 

Detailed  experimental  results  and  mass  spectra  obtained  from  the 
chemical  concept  prescreening  studies  are  given  in  Appendix  II. 


3.4  Diffusion  Studies 


Because  facility  decontamination  includes  decontamination  of  trace 
quantitites  of  agents  which  have  penetrated  into  porous  materials  such  as 
concrete,  an  evaluation  criterion  was  incorporated  in  Phase  1  evaluations 
which  focused  on  the  anticipated  depth  of  penetration  of  the  decontaminant 
into  porous  materials.  It  was  assumed  that  the  depth  of  penetration  of 
chemical  decontaminants  would  be  less  than  1/8  inch  for  liquids  and  more 
than  1/8  inch  (but  less  than  complete  penetration)  for  gases.  It  was 
recognized  that  an  experimental  effort  would  be  required  to  substantiate 
these  assumed  penetration  depths. 

The  ability  for  liquid  and  gaseous  decontaminants  to  penetrate 
mortar  was  investigated  in  Subtask  4.  Aqueous  solutions  and  FREON® 113 
were  applied  to  mortar  coupons  by  spraying  and  by  a  constant  contact  method. 
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The  diffusion  rate  of  gaseous  ammonia  (a  candidate  agent  decontaminant) 
through  mortar  was  determined. 

Experimental  results  indicated  spraying  is  the  preferred  method 
for  application  of  aqueous  based  decontaminants  to  concrete.  However, 
application  of  FREON® 113  to  concrete  does  not  appear  feasible.  Penetration 
depths  of  1/4  to  1  inch  were  achieved  by  aqueous  solutions  applied  with  the 
spraying  method.  Operating  parameters  were  determined  for  further  evaluation 
of  the  spraying  method  in  subsequent  subtasks  (5,  6  and  7)  of  both  Task  3 
(agents)  and  in  a  related  effort  focusing  on  explosive  decontamination. 

Gaseous  ammonia  was  demonstrated  to  readily  penetrate  one  inch 
thick  mortar  coupons.  Detailed  experimental  results  from  the  diffusion  studies 
are  given  in  Appendix  III. 

3.5  Stainless  Steel  Surface  Decontamination  Screening 

Five  decontamination  concepts  (steam,  OPAB,  hot  gases,  vapor, 
circulation,  and  flashblasting)  were  evaluated  for  their  decontamination 
effectiveness  of  agent  contaminated  unpainted  stainless  steel  surfaces. 

The  results  indicated  that  steam,  hot  gases,  and  OPAB  are  the  most  promising 
concepts.  The  steam  and  hot  gases  concepts  decontaminated  the  stainless  steel 
contaminated  with  HD,  GB,  or  VX  to  below  the  detectable  limit.  The  detectable 
limit  for  the  stainless  steel  decontamination  tests  was  equivalent  to  a  99.9 

percent  agent  decontamination  efficiency  for  an  initial  spike  level  of  1.2  mg 
2 

agent/m  of  surface  area.  Mass  spectral  analyses  confirmed  that  neither 
agents  nor  agent  decomposition  products  remained  on  the  stainless  steel 
surfaces  following  application  of  the  hot  gas  decontamination  concept. 

The  OPAB  concept  decontaminated  stainless  steel  to  below  the 
detectable  limit  when  GB  was  the  contaminant.  Results  suggested  that  a  similar 
decontamination  effectiveness  could  be  achieved  with  OPAB  when  either  HD  or 
VX  is  the  contaminant.  As  such,  Battelle  and  USATHAMA  selected  the  steam, 

OPAB,  and  hot  gases  concepts  for  further  evaluations  in  Subtask  6.  Detailed 
experimental  results  from  the  stainless  steel  screening  tests  are  given  in 
Appendix  IV. 


12 


13 


3.6  Steel /Concrete  Decontamination  Tests 


The  steam,  hot  gas,  and  OPAB  decontamination  concepts  were  evalu¬ 
ated  for- their  effectiveness  in  decontaminating  painted  mild  steel,  unpainted 
mild  steel,  painted  stainless  steel,  concrete,  and  unglazed  porcelain* 
coupons  contaminated  with  HD,  GB,  or  VX.  The  detectable  limit  for  the  Sub¬ 
task  6  steel  tests  was  equivalent  to  a  99.9  to  99.999  percent  agent  decontam- 

2 

ination  efficiency  for  an  initial  dose  level  of  1.2  mg  agent/m  .  A  similar 
decontamination  efficiency  was  observable  in  the  concrete  and  unglazed 
porcelain  tests  for  an  initial  dose  level  of  1.8  mg  agent/g  of  material. 

Results  of  the  hot  gas  experiments  indicated  that  painted  and 
unpainted  mild  and  stainless  steels,  unpa'nted  concrete  and  unglazed  porcelain 
can  be  decontaminated  to  below  the  detectable  limit  by  maintaining  the 
material  at  a  temperature  of  150  C  for  60  minutes  when  either  HD,  GB,  or  VX 
are  the  contaminant.  Because  undecomposed  agent  was  volatilized  from  the 
coupons  during  the  process,  a  method  to  remove  or  to  decompose  agent  contained 
in  the  exhausted  gas  from  a  building  must  be  defined. 

Results  of  the  steam  experiments  indicated  that  painted  and  unpainted 
mild  and  stainless  steels,  unpainted  concrete  and  unglazed  porcelain  can  be 
decontaminated  to  below  the  detectable  limit  by  maintaining  the  material  at  a 
temperature  near  the  boiling  point  of  water  for  either  60  minutes  when  either 
HD  or  GB  are  the  contaminants  or  for  240  minutes  when  VX  is  the  contaminant. 
Because  undecomposed  agent  was  volatilized  from  the  coupons  during  the  process, 
a  method  to  remove  or  to  decompose  agent  contained  in  the  exhausted  steam  and 
condensate  from  a  building  must  be  defined.  One  such  method  is  to  recycle 
the  condensate  through  the  steam  generator.  Experimental  data  indicated  that 
boiling  of  contaminated  condensate  from  the  process  resulted  in  the  destruction 
of  the  residual  agent. 

Results  of  the  OPAB  experiments  indicated  that  painted  and  unpainted 
mild  and  stainless  steel  can  be  decontaminated  by  applying  about  15  to  30 
liters/m  OPAB  solution  when  HD  is  the  contaminant  and  about  25  to  45  liters/ 


Unglazed  porcelain  was  selected  as  an  inert  alternative  to  concrete 
GB  and  VX  tests  (See  Appendix  V  and  VII). 
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m  of  OPAB  solution  when  either  6B  or  VX  is  the  contaminant.  Results  of  the 
concrete  and  unglazed  porcelain  tests  indicated  that  VX  contaminated  unglazed 
porcelain  can  be  decontaminated  to  below  the  detectable  limit  by  spraying  with 
OPAB  solution.  Decontamination  of  either  HD  contaminated  concrete  or  GB 
contaminated  unglazed  porcelain  to  near  the  detectable  limit  by  spraying  with 
OPAB  solution  was  also  achieved.  The  data  from  these  decontamination  tests 
and  the  diffusion  studies  (See  Section  3.4)  indicate  that  the  effectiveness  of 
OPAB  for  decontamination  of  porous  materials  such  as  concrete  is  limited  to  a 
penetration  depth  of  about  1/8  to  1/4  inch. 

Based  on  the  experimental  evaluations,  Battelle  and  USATHAMA 
selected  the  steam  and  the  hot  gas  concepts  for  further  evaluations  in  the 
subsequent  engineering/economic  analysis  subtask  (Subtask  7).  OPAB  was  not 
selected  for  the  engineering  analyses  because  of  its  limited  ability  to 
penetrate  porous  materials.  However,  specific  applications  for  OPAB  were 
identified  including  use  as  a  decontaminant  for  pipes,  pumps,  tanks,  and  other 
equipment  and  as  a  protective  coating  for  external  building  surfaces  during 
either  hot  gas  or  steam  decontamination. 

In  conjunction  with  the  decontamination  tests,  an  air  sampling 
method  employing  heated  air  for  extraction  (i.e.,  volatilization)  of  residual 
agent  from  decontaminated  coupons  was  evaluated.  Results  from  the  heated  air 
extractions  were  compared  wi*1-  '•poults  obtained  using  a  solvent  (e.g.,  hexane 
or  methylene  chloride)  extraction  method  on  similar  samples.  The  results 
indicated  that  the  solvent  extraction  method  is  more  reliable  in  terms  of 
specificity  to  the  agents  and  more  effective  at  extracting  agent  than  the 
air  sampling  method. 

Detailed  experimental  results  from  the  steel/concrete  tests  are 
given  in  Appendix  V. 


3.7  Engineering/Economic  Analyses 

An  engineering/economic  analysis  was  performed  on  the  hot  gas  and 
steam  decontamination  concepts  selected  from  the  experimental  evaluations  in 
Subtask  6.  Equipment  was  specified  and  costs  were  estimated  for  application 
of  the  concepts  to  a  model  facility  representative  of  structures  observed 
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during  the  Phase  1  site  surveys.  Results  of  the  analyses  suggest  that  it 
is  feasible  to  apply  the  hot  gas  and  steam  contamination  concepts  for  decon¬ 
tamination  of  field  structures.  In  terms  of  cost,  the  hot  gas  concept  is 
slightly  preferred  over  the  steam  concept  for  the  assumption  that  the  entire 
building  is  contaminated  throughout.  In  the  hot  gas  concept,  flue  gases  from 
the  combustion  of  oil  or  natural  gas  are  directed  into  a  sealed  and  insulated 
building.  Gas  exhausted  from  the  building  is  treated  in  an  afterburner  to 
destroy  traces  of  volatilized  agent,  cooled  by  quenching  with  water,  directed 
through  an  induced  draft  fan,  and  exhausted  to  the  outside  from  a  stack.  The 
induced  draft  fan  maintains  both  a  flow  through  the  system  and  a  slight  negative 
pressure  within  the  building  to  minimize  leakage  of  air  potentially  contam¬ 
inated  with  agent  to  the  outside.  A  detailed  discussuion  of  the  results  of 
the  analyses  is  given  in  Appendix  VI. 

3.8  Fate  of  Agent  in  Concrete 

Suitable  analytical  methods  for  the  agent  decontamination  studies 
were  unavailable  when  laboratory  experiments  were  being  initiated.  Consequently, 
analytical  method  development  was  undertaken  for  the  agents  GB,  HD,  and  VX 
on  selected  building  materials.  Building  materials  examined  included 
painted  and  unpainted  mild  steel,  stainless  steel,  and  concrete.  Attempts 
to  recover  agents  by  solvent  extraction  from  the  painted  and  unpainted 
steels  were  successful  and  produced  no  unanticipated  results.  Use  of  the 
solvent  extraction  method  proved  significantly  less  successful  for  agents 
added  to  concrete  than  was  observed  for  agents  on  metal.  Assorted  modifi¬ 
cations  to  this  basic  method  were  tried  but  the  results  were  disappointing, 
in  that  GB  could  not  be  extracted  by  any  technique  attempted  at  levels 
significantly  above  the  method  detection  limit.  Although  HD  and  VX  could 
be  partially  recoved  from  unpainted  concrete,  the  precision  (repeatability) 
observed  was  extremely  poor.  These  results  suggested  that  all  or  part  of 
the  agent  applied  to  the  concrete  specimen  was  not  available  to  be 
extracted  due  to  interaction  with  the  concrete.  Results  of  the  analyses 
suggest  that  the  interaction  of  the  nerve  agents  with  concrete  is  a  chemical 
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reaction  which  causes  agent  hydrolysis.  The  interaction  of  concrete  with  HD 
appears  to  be  incomplete  or  reversible  in  that  substantial  amounts  of  HD  are 
extractable  even  after  a  24  hour  exposure  period. 

A  detailed  discussion  of  the  results  on  the  fate  of  agent  in 
concrete  studies  is  given  in  Appendix  VII. 

3.9  JACADS  Decontaminants  Evaluation 


In  support  of  routine  decontamination  anticipated  during  operations 
at  the  JACADS  facility,  the  JACADS  experimental  study  evaluated  the  ability 
of  three  candidate  chemical  decontaminants  to  decontaminate  specific  unpainted 
and  painted  steel  surfaces  representative  of  construction  materials  selected 
for  the  JACADS  design.  Solutions  of  10  percent  NajCO^  and  1  percent  NaOH 
were  separately  tested  to  decontaminate  steel  coupons  spiked  with  GB.  A 
5  percent  commercial  NaOCl  solution  was  tested  to  decontaminate  VX  and  HD. 
Following  decontamination,  the  coupons,  spent  decontamination  solution  and 
chamber  rinses  were  analyzed  for  residual  agent.  Results  suggested  that  the 
JACADS  decontaminants  are  effective  in  that  the  coupons  were  decontaminated 
to  either  below  the  detectable  limit  or  to  low  levels  of  residual  agent. 

A  detailed  discussion  of  the  results  on  the  JACADS  study  is  given 
in  Appendix  VIII. 


3.10  Summary  of  Analytical  Methodology  in  Support  of  Task  3 

At  the  request  of  USATHAMA,  a  summary  report  detailing  the  analyti¬ 
cal  methodology  used  in  support  of  Task  3  was  prepared  and  is  given  in 
Appendix  IX.  The  analytical  method  developments  indicate  the  utility  of 
the  extracti on/GC-FPD  method  of  analysis  for  determining  residual  HD,  GB,  or 
VX  in  or  on  matrices  found  in  agent  contaminated  structures.  It  has  been 
used  instead  of  the  air  samp! ing-impi nger  method  accepted  by  the  Army.  The 
extraction  procedure  proved  to  be  rapid  and  was  reliable  enough  to  demonstrate 
the  effectiveness  of  various  substrate  decontamination  concepts. 
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4,0  CONCLUSIONS/RECOMMENDATIONS 

The  concept  selection  results  from  the  Phase  2  experimental  and 
engineering  subtasks  are  illustrated  in  Figure  3.  The  experimental  evaluations 
(Subtasks  3,  4,  5  and  6)  demonstrated  that  the  hot  gas,  steam  and  OPAB  concepts 
were  effective  decontaminants  for  each  agent/material  combination  investi¬ 
gated.  Each  of  the  other  decontaminants  (e.g.,  flashblast,  ammonia,  etc.)  was 
effective  to  some  extent,  but  either  the  effectiveness  was  limited  to  specific 
agent/material  combinations  or  the  concept  appeared  less  promising. 

The  engineering  evaluations  indicated  that  it  is  feasible  to  apply 
either  the  hot  gases  or  the  steam  decontamination  concept  to  structures 
representative  of  Army  installations.  Because  of  the  limited  depth  of  pene¬ 
tration  into  porous  materials,  the  use  of  OPAB  as  a  general  decontaminant  is 
not  feasible.  However,  OPAB  is  recommended  for  use  as  a  protective  coating 
during  application  of  the  hot  gas  or  steam  concept  and  as  a  non-corrosive 
decontaminant  for  specific  applications  such  as  decontamination  of  the  inside 
of  pipes,  sumps,  and  other  equipment. 

Results  of  the  economic  analyses  indicated  that  the  hot  gas  concept 
is  preferred  over  the  steam  concept.  As  such,  the  hot  gas  concept  is  recom¬ 
mended  as  the  primary  decontamination  concept  for  field  evaluation  in  Phase  3 
of  the  program.  Steam  should  be  retained  as  a  back-up  concept  to  the  hot  gas 
concept. 

Analytical  method  development  activities  demonstrated  the  utility 
of  the  solvent  extraction/gas  chromatography  technique  for  the  quantification 
of  agent  on  building  materials  such  as  painted  and  unpainted  steels.  Attempts 
to  quantitatively  recover  HD,  GB  or  VX  when  spiked  onto  concrete  were 
unsuccessful.  Investigations  as  to  the  fate  of  agent  on  concrete  indicated 
that  an  agent/concrete  interaction,  possibly  a  chemical  reaction  such  as 
hydrolysis,  is  responsible  for  the  inability  to  recover  the  spiked  agents, 
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TASK  3 

DEVELOPMENT  OF  NOVEL  DECONTAMINATION 
TECHNIQUES  FOR  AGENT-CONTAMINATED  FACILITIES 

1.0  SUMMARY 

The  development  of  novel  concepts  for  the  decontamination  of  chem".  - 
cal  agent-contaminated  buildings  is  being  carried  out  by  Battel le  Columbus 
Laboratories  (Battelle)  for  the  U.S.  Army  Toxic  and  Hazardous  Materials  Agency 
(USATHAMA)  under  Contract  No.  DAAK11-81-C-0101 .  In  the  previous  phase  (Task  1), 
ideas  were  systematically  developed  into  concepts  for  decontaminating  buildings 
and  equipment.  These  concepts  were  evaluated  and  ranked  with  respect  to  tech¬ 
nical  and  economic  factors.  Also,  knowledge  gaps  relating  to  application  of  the 
concepts  were  selected  for  laboratory  evaluation  in  Task  3  including  five  chemi¬ 
cal  concepts  (OPAB,  MEA,  Steam,  NH3,  NH3/$team)>  two  thermal  concepts  (hot  gases, 
flashblast)  and  one  physical  concept  (RADKLEEp?  vapor  circulation).  Task  3  has 
the  objectives  of  resolving  the  technical  uncertainties  identified  in  Task  1 
through  bench-scale  experiments  and  refining  the  technical/economic  analyses  of 
the  most  promising  concepts. 

Task  3  is  broken  into  eight  technical  subtasks  covering  (1)  a  resource/ 
work  plan,  (2)  test  preparations,  (3)  chemical  concept  prescreening,  (4)  diffu¬ 
sion  studies,  (5)  surface  decontamination,  (6)  surface/subsurface  decontami¬ 
nation,  (7)  engineering/economic  analyses,  and  (8)  report/field  test  plan. 

2.0  BACKGROUND 

Decontamination  of  previously  utilized  chemical  agent  manufacturing 
and  testing  facilities  is  necessary  to  allow  the  Department  of  the  Army  to 
restore  the  facilities  for  alternate  use  or  to  dispose  of  them  in  excess ing 
actions.  Included  in  the  facilities  are  the  building  structures,  sumps, 
processing  equipment,  underground  and  above-ground  storage  tanks,  and  associated 
transfer  systems.  Facility  decontamination  involves  not  only  the  decontami¬ 
nation  of  exposed  surfaces  but  also  the  decontamination  of  trace  quantities  of 
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agents  which  may  have  penetrated  into  the  material  through  pores,  cracks,  or 
other  openings. 

Materials  of  concern  identified  from  Task  1  site  surveys  for  which 
decontamination  methods  are  to  be  developed  in  Task  3  include: 

•  stainless  steel  -  painted  and  unpainted 

•  mild  steel  -  painted  and  unpainted 

•  concrete  -  painted  and  unpainted 

3.0  OBJECTIVES 

The  objectives  of  this  task  are  to: 

■  experimentally  evaluate  the  concepts  selected  in  Task  1 
for  decontamination  effectiveness  on  various  materials, 

•  perform  an  engineering/economic  analysis  on  the  most 
promising  concepts  selected  from  the  experimental  effort, 

•  identify  remaining  knowledge  gaps  associated  with  the  most 
viable  concept(s)  and  prepare  a  test  plan  to  resolve  the 
knowledge  gaps  through  implementation  of  the  concept  at  a 
field  site. 

4.0  TECHNICAL  APPROACH 

Task  3  efforts  are  divided  into  eight  technical  subtasks  as  shown 
in  the  work  breakdown  structure  (WBS)  illustrated  in  Figure  1.  The  objectives 
and  technical  approaches  to  be  used  in  each  subtask  are  described  below. 

4.1  Subtask  1.  Resource/Work  Plan 

The  objectives  of  this  subtask  are  to  (1)  provide  an  overall  plan 
for  the  task  (this  document)  and  to  (2)  review  government  regulatory  and 
safety  requirements  relating  to  agents  and  agent  decontamination. 


FIGURE  1,  continued 
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Safety  regulations  which  will  be  reviewed  include  DARCOM  Safety 
Regulation  385-31  (HD)  and  DARCOM-R  385-102  (GB  and  VX).  Information  from 
these  and  other  pertinent  documents  will  be  used  to  prepare  a  regulatory/safety 
agency  review  plan  which  consists  of  a  letter  recommending  the  agencies  to  be 
visited  and  the  topics  to  be  discussed.  Tentatively  scheduled  for  visits  are 
agencies  such  as  Department  of  Defense  Explosion  Safety  Board  and  safety 
offices  at  agent  manufacturing/demilitarization  sites  such  as  Rocky  Mountain 
Arsenal  and  Tooele  Army  Depot.  Included  in  the  discussion  topics  will  be  the 
question  of  "5X"  decontamination,  defined  as  thermal  treatment  at  1000  F  for 
15  minutes,  versus  decontamination  to  below  the  detectable  limit  by  chemical, 
physical,  or  milder  thermal  methods. 

4.2  Subtask  2.  Test  Preparations 

The  objectives  of  this  subtask  are  to  (1)  design,  construct,  and 
evaluate  a  test  chamber,  (2)  develop  a  Quality  Assurance  and  Quality  Control 
(QA/QC)  Plan,  and  (3)  prepare  coupons  of  the  materials  used  in  the  chamber 
tests. 

The  test  chamber  will  be  designed  and  constructed  such  that  appli¬ 
cation  of  a  decontamination  concept  may  be  performed  in  a  controlled  environ¬ 
ment.  A  chamber  operation  test  plan  which  will  include  design  drawings  of 
the  chamber  and  operating  scenarios  will  be  submitted  for  USATHAMA  approval. 
Desiqn  criteria  for  the  test  chamber  will  include: 

•  access  ports  to  allow  introduction  of  coupons  and  removal 
of  effluents, 

•  allow  decontamination  of  coupons  by  liquid  decontaminants/ 
solvents,  by  gaseous  decontaminants/solvents,  and  by  thermal 
methods , 

•  be  sized  to  fit  within  a  toxic  materials  laboratory  hood. 
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A  QA/QC  plan  will  be  prepared  based  on  guidance  to  be  received  from 
USATHAMA.  The  plan  will  be  submitted  for  USATHAMA  approval. 

Painted  and  unpainted  coupons  of  stainless  steel,  concrete,  and 
carbon  steel  will  be  prepared  in  this  subtask  for  subsequent  use  in  diffusion 
and  chamber  decontamination  experiments.  The  coupons  will  be  uniformly  sized 
to  allow  direct  comparison  of  results  obtained  from  the  experiments. 

4.3  Subtask  3.  Chemical  Concept  Prescreening 

The  objective  of  this  subtask  is  to  experimentally  evaluate  the  five 
chemical  concepts  in  terms  of  reaction  kinetics  and  decontamination  effective¬ 
ness.  The  five  chemical  concepts  include: 

•  OPAB  (l-0ctylpyridinium-4-aldoxime  bromide)  in  an  aqueous 
solution  containing  a  surfactant 

•  MEA  (monoethanol amine)  in  an  aqueous  solution  or  undiluted 

•  Steam 

•  NHj  (anhydrous) 

e  Steam/NH^ 

Each  concept  will  be  evaluated  under  a  variety  of  conditions  in  an 
attempt  to  determine  the  optimum  operating  conditions  that  will  sufficiently 
decompose  each  of  the  three  agents  (GB,  HD,  and  VX).  A  letter  test  plan 
detailing  the  methodology,  parameters  to  be  investigated  (e.g.,  time,  tempera¬ 
ture,  decontaminant  concentration),  and  analytical  techniques  will  be  sub¬ 
mitted  for  USATHAMA  approval. 

The  experiments  will  be  performed  in  laboratory  glassware  in  which 
known  quantities  of  neat  agent  will  be  contacted  with  an  excess  of  decontami¬ 
nant.  The  mixture  will  then  be  periodically  sampled  and  analyzed  for  residual 
agent.  Analytical  techniques  will  be  refined,  as  required,  to  permit  quanti¬ 
tative  detection  of  agent  in  the  presence  of  the  decontaminants  and  the  decom¬ 
position  products.  If  conditions  cannot  be  found  in  which  an  agent(s)  is 
effectively  decomposed  by  any  one  chemical  concept,  then  an  alternative  replace 
ment  concept  will  be  selected  with  USATHAMA  approval  and  its  effectiveness 
determined  in  the  same  manner. 
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Based  on  the  experimental  results,  a  maximum  of  three  chemical 
concepts  will  be  selected  for  further  evaluation  in  Subtask  5.  A  test 
report  detailing  the  test  results  and  the  selected  concepts  will  be  sub¬ 
mitted  for  USATHAMA  approval. 

4.4  Subtask  4.  Diffusion  Studies 

The  overall  effectiveness  of  a  chemical  or  solvent  decontamination 
concept  is  dependent  upon  the  ability  of  the  decontaminant  to  penetrate  into 
(and  in  the  case  of  a  solvent,  out  of)  porous  materials  into  which  agents  may 
have  penetrated.  The  objective  of  Subtask  4  is  to  determine  the  condi¬ 
tions  which  will  allow  optimum  penetration  of  chemical  or  solvent  decontaminant 
into  a  porous  material,  i.e.,  concrete. 

The  decontaminants  to  be  investigated  in  this  subtask  include: 

•  Aqueous  solutions  containing  surfactants 

•  MEA 

•  Gaseous  NH3  (anhydrous) 

e  Freorf®  solvent 

Since  these  decontaminants/solvents  are  representative  of  the  chemical  and 
physical  decontamination  concepts  for  both  agents  and  explosives,  the  results 
of  this  subtask  will  be  utilized  in  both  Task  3  (agents)  and  Task  4  (explosives). 

Aqueous  solutions,  MEA,  Freorr^,  and  similar  liquids  will  be  applied 
to  concrete  coupons  by  spraying.  Spray  pressure,  the  time  the  spray  is  main¬ 
tained  on  the  coupon,  and  the  number  of  spray  applications  will  be  varied  to 
determine  optimum  application  times  to  be  used  for  subsequent  chamber  tests. 
Surfactants  (e.g.,  Triton  X-10(^  will  also  be  added,  if  necessary,  to  enhance 
the  penetration  of  aqueous  solutions  into  concrete. 

The  diffusion  rate  of  gaseous  NH^  through  concrete  coupons  will  be 
determined  experimentally  by  exposing  one  side  of  a  concrete  coupon  to  NH^  and 
measuring  the  concentration  of  NH3  with  time  on  the  opposite  side  of  the  coupon. 
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A  letter  test  plan  detailing  the  planned  liquid  and  gas  diffusion 
experiments  will  be  submitted  to  USATHAMA  for  approval.  During  the  two- 
to  three-week  period  required  for  approval,  calculations  will  be  performed 
to  estimate  the  depths  the  various  decontaminants  will  penetrate  into 
concrete.  A  literature  search  will  also  be  performed  to  determine  a  range 
of  values  for  various  physical  properties  of  concrete,  i.e.,  porosity,  pore 
sizes,  etc.,  which  will  be  used  in  these  calculations.  The  calculations 
will  be  used  to  determine  initial  operating  parameters  for  the  diffusion 
experiments  and  may  allow  correlations  to  be  developed  indicating  the 
effective  penetration  of  decontaminants  in  various  types  of  concrete. 

A  test  report  summarizing  the  diffusion  test  results,  calculations 
and  proposed  operating  conditions  for  decontaminant  application  to  concrete 
will  be  submitted  for  USATHAMA  approval. 

4,5  Subtask  5.  Stainless  Steel  Surface  Screening 


In  this  subtask,  the  most  promising  chemical  concepts  from  Subtask  3 
(maximum  of  three  concepts),  as  well  as  hot  gases,  flashblast,  and  vapor 
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circulation/RADKLEEN  concepts  will  be  evaluated  in  a  test  chamber.  Unpainted 
stainless  steel  (S.S.)  coupons  spiked  with  HD,  GB,  or  VX  will  be  used  as 
the  test  substrate.  S.S.  coupons  were  selected  as  the  first  test  substrate 
since  it  is  the  substrate  from  which  analytical  techniques  achieve  the  highest 
recoveries  of  agent  and  therefore  yield  the  most  accurate  measure  of  decontami¬ 
nation  effectiveness.  Also  in  this  subtask,  waste  products  from  the  treatment 
will  be  characterized,  reaction  kinetics  determined,  and  analytical  performance 
verified. 

Two  test  plans  covering  this  subtask  will  be  submitted  for  USATHAMA 
approval.  One  test  plan  covering  the  hot  gases,  flashblast,  and  vapor/circu¬ 
lation  concepts  which  will  not  be  prescreened  will  be  submitted.  Following 
selection  of  the  most  promising  chemical  concepts  from  Subtask  3,  a  second 
test  plan  (chemical  concepts)  will  be  submitted.  By  submitting  two  test 
plans,  work  may  proceed  while  the  Subtask  3  test  results  are  being  evaluated. 
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The  experimental  data  will  be  analyzed  and  the  three  (maximum) 
most  promising  concepts  selected  for  further  evaluation  in  Subtask  6.  If, 
however,  the  data  indicate  that  none  of  the  concepts  effectively  deconta¬ 
minates  stainless  steel  coupons  spiked  with  a  particular  agent(s),  a  replace¬ 
ment  concept  will  be  selected  with  the  concurrence  of  USATHAMA  and  its 
effectiveness  determined  in  the  same  manner.  A  test  report  summarizing  the 
results  of  Subtask  5  will  be  submitted  for  USATHAMA  approval. 

4.6  Subtask  6.  Steel /Concrete  Tests 


Subtask  6  represents  the  final  test  series  in  Task  3.  In  this  sub¬ 
task,  the  three  most  promising  concepts  from  Subtask  5  will  be  thoroughly 
evaluated  based  on  decontamination  effectiveness,  reaction  kinetics,  analytical 
performance,  and  waste  product  formation.  Substrates  to  be  investigated  will 
include  coupons  of  stainless  steel  (painted  and  unpainted),  carbon  steel 
(painted  and  unpainted),  and  concrete  (painted  and  unpainted)  spiked  with  HD, 
GB,  or  VX.  Results  from  the  diffusion  studies  (Subtask  4)  will  be  used  to 
specify  initial  conditions  for  application  of  liquid  and/or  gaseous  decon¬ 
taminants  to  the  concrete  coupons.  Decontamination  versus  depth  of  penetra¬ 
tion  into  this  porous  substrate  will  be  investigated.  A  letter  test  plan 
detailing  this  experimental  effort  will  be  submitted  for  USATHAMA  approval. 

Experimental  results  will  be  analyzed  and  the  best  one  to  three 
concepts  will  be  selected  for  evaluation  in  Subtask  7.  A  Subtask  6  test  report 
will  be  submitted  for  USATHAMA  approval. 

4,7  Subtask  7.  Engineering/Economic  Analysis 

A  detailed  engineering/economic  analysis  will  be  performed  on  the 
concepts  selected  in  Subtask  6.  The  engineering  analysis  will  utilize  experi¬ 
mental  data  obtained  in  the  previous  subtasks  to  specify  a  decontamination 
process.  The  process  will  then  be  costed  based  on  decontamination  of  the  model 
facility  defined  in  Task  1. 
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The  experimental  data  which  will  serve  as  the  basis  for  the  analyses 

includes: 

•  Reaction  kinetics 

•  Heat  requirements 

•  Solvent/decontaminant  requirements 

•  Waste  product  characterization 

•  Application  methods,  e.g.,  spraying  times,  number 
of  applications,  etc. 

From  these  data,  the  following  will  be  specified: 

•  Process  flowsheets 

•  Process  equipment 

•  Waste  disposal  requirements 

e  Building  preparation/clean-up  requirements 

•  Operation  schedule  (set-up,  application,  and  equipment 
tear-down  times) 

•  Safety  requirements  (potential  hazards  and  protective 
methods) 

Knowledge  gaps  that  remain  following  the  above  analysis  will  then  be  identified. 

Next,  an  economic  analysis  will  be  performed.  The  process(es) 
identified  above  will  be  costed  based  on  building  damage/repair  costs,  material/ 
utility  costs,  equipment  cost  and  manpower  cost.  Following  this  analysis, 
decontamination  procedures  which  are  applicable  to  all  three  agents  will  be 
recommended.  USATHAMA  will  participate  in  the  selection  of  the  final  concept(s). 
Results  of  the  analyses  will  then  be  summarized  in  a  final  subtask  report  which 
will  be  submitted  for  USATHAMA  approval. 

4.8  Subtask  8.  Field  Test  Plan/Task  3  Report 

A  field  test  plan  will  be  prepared  in  Subtask  8  for  (1)  applying  the 
decontamination  procedure(s)  identified  in  Subtask  7  to  decontaminate  Army 
concrete/steel  structures,  (2)  sampling  the  structures  for  residual  agent, 
i.e.,  sampling  methods  and  types  of  samples,  and  (3)  resolving  the  knowledge 
gaps  identified  in  Subtask  7.  The  field  test  plan  will  be  submitted  for  USATHAMA 
approval . 
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Included  in  Subtask  8  will  be  the  submission  of  the  Task  3  report 
which  will  summarize  test  results,  agency  discussions,  and  technical  analyses 
performed  in  Task  3.  The  report  will  be  submitted  for  USATHAMA  approval. 


4.9  Contingency  Plans 

As  indicated  in  the  Task  3  logic  diagram  illustrated  in  Figure  2, 
it  may  be  necessary  to  select  alternative  replacement  concepts  during  the 
course  of  the  Task  3  experimental  effort.  Alternatives  will  be  selected  if 
the  concept(s)  remaining  following  the  selection  procedures  are  not  applicable 
to  all  three  agents  and  if  attempts  to  make  the  concept(s)  work  have  failed. 

In  this  case,  concepts  from  previous  subtasks  will  be  re-examined  and,  if 
necessary,  alternative  concepts  identified  in  the  Task  1  efforts  may  be 
utilized.  The  selection  of  a  replacement  concept  will  be  performed  with 
USATHAMA  participation. 

5.0  DEVIATIONS/ADDITIONS 

This  design  plan  generally  follows  the  government  tasking  document 
and  all  32  work  units  have  been  incorporated  into  the  eight  subtasks.  Devia¬ 
tions  from  the  tasking  document  include: 

•  The  chemical  concepts  will  be  prescreened  in  laboratory 
glassware  rather  than  in  the  test  chamber. 

•  Diffusion  studies  will  focus  on  the  penetration  of  decon¬ 
taminants  (not  agents  or  simulants)  into  concrete. 

6.0  INTERFACING 

Task  3  will  interface  with  the  Task  4  efforts  involving  explosive 
decontamination.  Parallel  efforts  in  both  tasks  will  provide  in  economies  in 
chamber  design,  construction,  and  performance  tests;  coupon  preparation;  and 
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engineering/economic  analyses.  Also,  the  results  from  the  diffusion  studies 
{Subtask  4)  will  be  utilized  by  both  Tasks  3  and  4  for  designation  of  liquid/ 
solvent  application  methods. 


7.0  FACILITIES 


Experiments  involving  surety  levels  of  agent  will  be  performed  in 
the  Hazardous  Materials  Laboratory.  Experiments  with  non-surety  levels  of 
agent  will  be  performed  in  the  Toxic  Substances  Laboratory.  A  brief  descrip¬ 
tion  of  these  laboratories  is  given  in  Appendix  B.  A  more  complete  descrip¬ 
tion  of  the  Hazardous  Materials  Laboratory  is  in  the  Facility  Security  Plan 
provided  to  USATHAMA  during  Task  1  efforts. 

8.0  GOVERNMENT-FURNISHED  PROPERTY/ASSISTANCE 

The  following  supply  of  agents,  in  storage  at  the  Hazardous  Material 
Laboratory,  is  currently  available  for  Task  3  use: 

HD  -  13.9  ml  (includes  5  ml  of  SARM) 

GB  -  13.6  ml  (includes  5  ml  of  SARM) 

VX  -  18.9  ml  (Includes  10  ml  of  SARM) 


It  is  anticipated  that  the  above  supply  is  sufficient  to  complete  Task  3 
experimental  work. 

The  government  will  make  arrangements  for  meetings  with  government 
regulatory/safety  agencies  (Subtask  1). 
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DAAK11-81-C-0101/P00007 
flovei  Processing  Technology 


A.  Task  Order  Number:  3 

3.  Task  Greer  Title:  Development  of  Novei  Decontami nat: on  Tecnniques  for 
Chermcat  Agent.  (GS,  7X,  HO)  Contaminated  Facilities  -  Phase  II 

C.  Contract  Number:  0AAK11-31 -C-0101 

0.  Background : 

1.  Decontamination  of  facilities  previously  utilized  for  chemical  agent 
manufacture  or  tasting  is  anticipated  to  permit  the  Department  of  the  Amy  to 
restore  such  facilities  for  alternate  use  or  to  dispose  of  them  in  excess: ng 
actions.  Included  are  not  only  the  structures  themselves  but  also  underground 
and  aoove  surface  storage  tanks,  processing  equipment,  sumes  and  associated 
transfer  systems.  Heauired  decontami nation  involves  exposed  surfaces  of  the 
materials  as  -veil  as  the  decontamination  of  trace  quantities  of  agents  which 
have  penetrated  into  the  materials,  cracks,  or  other  openings. 

2.  Materials  of  concern  which  snail  require  decontamination  and  wnich  snail 
be  included  in  cm's  study  are: 

a.  Stamiess  steel  -  painted  and  unpainted*. 

b.  Mi  1 d  steel  -  oaintad  and' unDainted. 

t  •  ' 

c.  Concrete  -  painted  and  unpainted. 

3.  This  study  follows  Task  1  of  this  contract  wnerain  era  ocnr.r  ictcr 
identified  potential  decontamination  technologies,  aopiiea  select":'.!  -ccnumic  ,nd 
technical  evaluation  criteria  to  those  technologies,  rank  ordered  the 
candidates,  and  in  conjunction  with  USATHAMA  recommended  those  woreny  or  *urtr,or 
laboratory  evaluation  in  Phase  II  (this  task).  It  is  antic: oatod  that  at  tr.e 
comoletion  of  this  task  orcsr  effort,  decontamination  canceots  will  nave  neon 
evaluated  sufficiently  such  that  recommendations  can  be  mace  r nr  pilot  totting 
the  selected  concept(s). 


E.  Phase  II  -urccse  and  Dim  actives:  "he  purpose  of  _t  n  1 1  tas.% 
•val  iaata  -new  cost-  ar?ees’ve  c a n t a-irra 1 1 on  concepts  seiectaa 
decontami  nation  of  agent  ccntami  natea  facilities.  The  ao-ect: 
sufficient  information  so  tnat  the  rinai  selected  concsot(s)  -s 
for  suosecuent  pilot  testing. 


orr-r  ;  to 
■n  .  ■;  for 

vu  to  :evei  co 
an  oe  recommended 


F.  Statement  of  '..'or*: 


1,  "inure  1  outlines  the 
for  their  imoiementaticn.  7;i 
worx  to  be  performed  on  this 
follows  the  recommendation  of 
Item  F.7  of  that  task  order. 


various  -orx  units  'or  tn 
is  GO n  is  -.eyed  ta  worx  on 
task  is  based  on  the  'usk 
the  ore i  in: nary  =  hasa  [’. 


is  tat:-;  .me  the  tcneaule 
itt  on  .;igure  >,  Trie 
1  !**crt  ana  generally 
test-' si. an  suamittad  under 
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2.  The  first  wo r<  unit  after  task  initiation  shall  be  preparation  of  the 
overall  work  plan/resource  plan.  This  plan  shall  include  a  detailed  scnecule.  ,1 
detailed  work  oreakaown  structure  (UBS)  and  a  resource  utilization  plan  keyed  to 
the  WBS. 

2.  Worn  units  3  and  4  entail  a  review  of  regulatory  and  safety  requirements 
and  snail  be  performed  to  determine  the  most  recent  developments  in  these  areas 
in  oraer  to  better  define  decontamination  levels.  Germane  organizations  such  us 
SPA,  Department  of  Defense  Explosives  Safety  Board,  Department  of  Transportation 
and  the  OARCCM  Field  Safety  Office  snail  be  included.  A  report  summarizing  the 
final ngs  of  this  stuay  shall  be  prepared  ana  submitted. 

4.  Also  early  (work  unit  5)  in  this  task  order,  a  chamber  for  conducting 
agent  tasting  of  venous  concepts  snail  oa  designea,  constructed  ana  evaluated. 
This  cr.cmDer  snail  be  smail  enougn  to  fit  into  a  conventional  fume  hood,  fitted 
with  entry/exit  ports  for  introduction  and  removal  of  samples  and  exnaust  port: 
to  permit  samDling  of  out-gassed  proaucts. 

5.  Work  units  5-1 0  are  the  preliminary  screening  tests  of  chemical  concept 
candidates  determined  in  fas*  I.  These  concepts  include:  MEA,  OPAB,  h'H-i ,  steam 
I'm?/ steam  ana  flasnoiast.  A  letter  test  pian  snail  be  suDmitted  for  USATHAMA-j  wr 
concurrence  before  tasting  is  bsgun  ana  a  letter  test  report  shall  be  suomitteo 
detailing  cast  resuics  when  concluded.  Chamoer  tests  of  each  concept  shall  be 
ccncucted  ana  waste  proaucts  ana  analytical  performance  snail  be  character! zoo . 
From  these  tests,  a  maximum  or  three  concepts  snalT  be  recommended  for  rurcnsr 

eva i uati on . 

5.  'Work  units  11-15  are  for  diffusion  studies  to  evaluate  oenetration  of 
agents  into  concrete  (worst  case).  Agents  ana/or  simul ants  shall  be  All  owed  to 
penetrate  concreted  samples  which  -mull  suoseaueritly  be  sectioned,  pulverizea, 
extracted,  ana  analyzea.  Tiiese  data  snali^e  used  to  oDtain  diffusion  data  wnicn 
shall  Allow  assessment  of  penetration  of  agents  ana  decontami nants  into  concrete 
over  a  perica  of  time  ana  the  er facts  of  vanaoles  sucn  as  Cenoerature , 
concentration  ana  exposure  duration.  Tiiese  studies  Shail  inaicate  appropriate 
application  times  for  decontami nants.  A  diffusion  letter  test  report  shall  be 
submitted  detailing  resuits  of  these  tests. 

7.  'Work  units  16-20  are  for  stainless  steel  surface  screening  tests, 
including  a  letter  test  plan  and  letter  test  report.  This  test  series  shall 
induce  cnamcer  tests  of  the  throe  cnemical  concepts  (from  the  preliminary 
screening-)-  plus  hot  gtrs  r  vaoor  ci-Tuia 1 1 an  "ana  Raavlleen  concepts;  on  -stainless 
steel  coupons.  Waste  yroauct  snail  oe  evaluated  as  well  os  analyticol 
perrcrmance .  These  tests  snail  pruvice  :ata  to  select  the  best  three  concepts 
for  evaluation  in  tre  next  prase.  The  test  resort  snail  detail  test  resuits  and 
the  logic  -'or  selection  of  tre  tr.ree  recommenced  concepts. 

3.  Worx  Units  21-25  detail  tre  final  -valuation  costing.  Been  or  the  three 
concocts  selectee  from  t.-.e  staimess  staei  surface  screening  taste  shallbe 
tr.orou'or. :  y  ova  i  oat -id  ;i  m  ,;.i._n  jr  ;;■«  :esi  gnated  materials  or  concern  -  mi  i  g 
steel  (painted  or, a  uroa :  r,*ea ) .  stainless  steel  (peirtec  and  untainted),  concrete 
(painted  ana  uncaintec).  DeccncamiMctlon  er recti veness  .  wa.ste  prccuct 
verification  ana  analytical  terrcrmence  snail  oe  determined.  These  aato  shall 
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•be  analyzed  ana  snail  form  the  basis  for  selection  of  the  one  (minimum)  to  three 
(maximum)  final  recommended  decontamination  methods.  Details  of  this 
recommenaaii on  snail  be  inclucea  in  the  letter  cast  report. 

9.  Work  units  26-23  include  an  engi neeri ng/econcmic  analysis  of  the  r'inai 
1-3  concents  chosen  aoove.  Auxiliary  considerations  (to  technical  performance) 

shall  be  ccnsiderea  sucn  as  building  repair  costs,  development  costs',  utilitv  ann 
ruel  costs,  equipment  costs,  material  costs  and  laoor  costs.  The  economic 
ana iysis  shall  be  utilized  as  the  basis  for  maxing  the  selection  of  the  final 
single  best  concept  (if  more  than  one  was  considered)  to  be  field/pilot  testae. 
USA7HAMA  snail  participate  in  ana  approve  the  selection  j_n  writino 

10.  •■<or<  units  29-21  are  for  orecaration  of  a  oomoransnsi  ve  final  rr’onrt 
(contract  Data  Item  A002) .  All  pertinent  information  developed  during  or  forts 
on  this  task  oroer  shaH  be  comm  lea  into  a  drart  final  report  ana  submitted  for 
review  ana  approval.  The  final  report  snail  be  suDmittea  v/ithin  20  days  after 
Government  approval  of  the  arart. 

11.  work  unit  22  is  the  oreoaretion  of  a  recommended  test  plan  for  field 
evaluation  of  the  decontamination  concepc  selected  in  this  *cs:-:  oroer. 

12.  Technical ^  reviews  snail  be  held  as  delineated  in  wor-;  unit  22.  Four  of 
these^reviews  shall  be  held  at  the  contractor's  raci  i i tv  ann  four  snail  be  neio 
-v  JSn i ilAi’iA.  ,-dditionai  meetings  snail  be  scnacu  1  cic  on  ",n  as  recuireo  Oasis 

>3.  Analytical  methoa  aevei oonent/rorinement/ ccrti f icat ion  shaii  be 
performed  as  recuirea  to  support  thl  s,.tas:<. 

3.  jesting  Requirements:  Analytical  methods  curtirlno  ;n  ucsoruance  with  the 
jSATHAMA  CC  flan  snail  oa  utilized  if  available.  ow^ver.  :ne  actual  OA/OC 
1  eve i  snail  be  specified  by  the  CO  R. 

H.  I tems/Oata  to  be  Deli  verge  : 

>•  Letter  test  plans  and  letter  test  reports  snail  r.e  suomittso  for  eacn  cf 
the  four  test  sequences  outlined  in  Chart  !.  ( ’.-or-;  unit:  a  a  n  ia  ’ 

-I  -nd  2 “).  ifi.n  copies  or  eacn  snail  be  submitted. 

2.  A  draft  technical  report  (10  copies)  documenting  trie  finninns  and 
nacommenaati  ens  of  t.nis  study  snail  be  urcv'ceu  to  _thj  ^lavenn-ent  5  2  weexs  after 
r:-<  inl.tl.ati  on ;  -‘he-  *vnel  technical" -eeort  ;  6  sou  a  nee  '  CC12  ISHL?  20  Form  H22); 
snail  be  provicea  to  tns  Government  within  22  days  a  rear  approval  or  the  draft.' 

'•  Cover— nsnt  Furnsreq  Property  mc/or  -ssi  stance:  "he  Government  snail 
ranoements  rar  meet  1  no s  .»it.n  .-.e'iu;atorv/,;^;etv  government  >.en 
rtose  of  conauctir.g  the  .'.ecu  i  atcry/ Car  a  tv  Review  iwors  unit  3) 


::s.<  w;v.c-r  -ro 
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FACILITY  DESCRIPTION 


I-B-1 


Hazardous  Materials  Laboratory  (HML) 

Battelle  has  available  a  remote  site  hazardous  materials  laboratory 
at  its  West  Jefferson  facility.  The  laboratory  is  designed  to  provide  all  of 
Battelle's  sponsors  with  a  facility  in  which  to  conduct  research  projects 
using  toxic  and  hazardous  materials  in  a  controlled,  acceptable  manner.  A 
more  detailed  description  of  HML  can  be  found  in  the  Facility  Security  Plan 
submitted  under  Task  1. 

The  laboratory  functions  as  both  a  research  laboratory  and  as  a 
technology  development  laboratory.  Scientists  in  this  laboratory  are  experi- 
enced  in  the  specific  needs  of  hazardous  materials  handling  including  decon¬ 
tamination,  detection,  alarms  technology,  general  analysis,  and  evaluation  of 
new  materials.  Newer  technologies  such  as  improved  processes,  improved  analy¬ 
tical  methods,  test  methods  development,  etc.,  also  fall  under  this  laboratory's 
activities.  It  is  a  1,250-square  foot  facility,  located  within  an  existing 
laboratory  building. 

The  hazardous  materials  laboratory  has  the  following  characteristics. 
The  walls  are  8-inch  cement  block;  the  floor  and  ceiling  are  reinforced  concrete. 
All  surfaces  are  painted  with  two  coats  of  epoxy  to  create  an  impermeable, 
easy-to-wash  surface. 

The  perimeter  doors  are  heavy-duty  hollow  metal  units  with  locks 
and  hardware  as  required  by  security  regulations  with  all  doors  except  the 
controlled  access  door  security-sealed.  All  perimeter  doors  are  equipped  with 
crash  hardware.  Door  glass,  windows,  and  perimeter  openings  greater  than  92 
square  inches  are  security-screened  with  No.  9  expanded  metal.  A  Honeywell 
security  system,  including  door  alarm  switches  and  an  area  motion  detection 
device,  gives  alarm  annunciation  at  the  site  guardhouse,  as  does  the  area  fire 
alarm  system. 

Stainless  steel-lined  fume  hoods  with  dished  work  surfaces  are  used 
to  keep  any  spills  contained  and  to  simplify  clean-up.  The  hoods  have  been 
modified  with  the  addition  of  interconnecting  passthroughs.  One  hood  has  a 
pair  of  lockable  storage  cylinders  that  offers  secure  containment  of  materials 
in  the  event  of  a  tornado. 
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Airflow  through  the  laboratory  comes  from  a  separate  mechanical 
system  which  supplies  ventilation.  The  work  areas  are  kept  at  negative 
pressure  with  respect  to  the  clean  areas  by  a  pneumatic  control  system.  All 
laboratory  air  exhausts  through  the  hoods  at  150  fpm  average  face  velocity. 

A  modulating  damper  in  the  exhaust  ductwork  compensates  for  changes  in  system 
static  pressure  and  maintains  constant  flow.  Each  hood  is  equipped  with  a 
velocity  alarm  that  gives  an  audible  and  visual  alarm. 

All  exhaust  air  passes  through  a  filter  system  consisting  of  a 
prefilter,  a  primary  absolute,  a  primary  charcoal,  a  redundant  charcoal,  and 
a  final  absolute  filter.  The  filters  are  installed  in  a  welded  steel,  bagout- 
type  housing  with  sampling  ports,  static  pressure  ports,  and  isolation  dampers 
to  allow  filter  changes  without  system  shutdown. 

Primary  and  redundant  blowers  are  installed  on  each  filter  system 
with  automatic  changeover  controls.  Exhaust  stacks  rise  about  10  meters 
above-ground.  Both  the  blowers  and  the  filters  are  outside  the  laboratory. 

All  laboratory  drains  connect  to  a  pair  of  6, 000-gallon  underground 
fiberglass  tanks.  There  the  liquid  waste  is  sampled,  treated  as  necessary, 
and  disposed.  The  tanks  are  equipped  with  a  remote  level  indicator  with  high 
and  low  alarm  points. 

An  emergency  generator  provides  backup  power  to  the  blowers,  security 

* 

and  system  alarms  to  allow  the  laboratory  to  make  an  orderly  shutdown  if 
required. 

The  HML  is  surrounded  by  approximately  1,000  acres  of  Battelle- 
owned  property.  The  area  is  also  available  for  outdoor  testing  and  research 
programs. 

Toxic  Substance  Laboratory  (TSL) 

All  activities  involving  the  storage  or  handling  of  toxic  substances 
at  the  Columbus  site  are  conducted  in  the  Toxic  Substances  Laboratory.  This 
facility  is  separated  from  adjacent  Battelle  facilities  by  concrete  block  walls. 
There  are  three  doors  to  this  facility  located  on  the  same  corridor.  Two 
access  doors  provide  entry  into  the  laboratory.  A  third  door  is  an  emergency 
exit  door  with  no  access.  All  three  doors  are  metal  and  the  two  access  doors 
are  locked  to  prevent  unauthorized  access. 
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Four  laboratory  hoods  have  been  provided  with  face  velocities  of 
150  +  30  fpm.  An  alarm  has  been  incorporated  into  the  ventilation  system 
in  case  of  failure.  A  glovebox  has  been  provided  for  use  in  weighing  toxic 
substances.  The  exhausts  from  both  the  hoods  and  the  glovebox  have  been 
equipped  with  HEPA  filtering  systems  to  prevent  discharge  of  toxic  agents 
into  the  atmosphere.  The  filter  system  is  checked  each  time  a  filter  is 
changed.  Three  doors  providing  exits  from  all  areas  of  the  laboratory  have 
been  installed. 

The  HEPA  filters  on  the  hood  exhausts  are  changed  periodically  as 
required.  The  hoods  are  equipped  with  automatic  monitoring  devices  which 
indicate  reduced  air  flow  due  to  filter  clogging.  Protective  clothing  is 
worn  when  the  filters  are  changed  and  the  used  filters,  assumed  to  be  contam¬ 
inated  with  toxic  substances,  are  stored  for  future  decontamination  and 
disposal . 

The  laboratory  has  also  been  equipped  with  shower  facilities  and 
eyewash  fountains.  In  addition,  all  laboratory  benches  have  been  equipped 
with  stainless  steel  pans  to  contain  spills  for  each  of  cleanup  and  detoxifi¬ 
cation. 

Personnel  protective  gear  is  provided  including  disposal  laboratory 
overalls,  safety  glasses  and  goggles,  and  gloves. 
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EXECUTIVE  SUMMARY 


A  Preliminary  evaluation  of  the  five  chemical  decontamination 
concepts  identified  in  Phase  1  of  the  Novel  Processing  Program  was  per¬ 
formed.  The  concepts  which  were  evaluated  in  laboratory  scale  glassware 
included  monoethanol  amine  (neat  and  50  percent  aqueous  solution),  aqueous 

solution  of  1 - octyl pyridini urn  4-aldoxime  bromide  (OPAB),  anhydrous  ammo¬ 
nia,  steam  and  steam/ammonia. 

The  results  indicate  that  all  of  the  chemical  decontaminants 
were  effective  on  specific  chemical  agents.  The  most  promising  concepts, 
involving  the  use  of  either  steam  or  OPAB,  achieved  high  destruction 
efficiencies  for  all  three  agents  (HD,  GB  and  VX).  As  such  the  steam  and 
the  OPAB  concepts  were  selected  for  further  evaluation  in  subsequent  sub¬ 
tasks  involving  decontamination  of  steel  and  concrete  matrices.  Because 
of  the  effectiveness  of  the  other  chemical  decontaminants,  no  concept  will 
be  eliminated  at  this  time.  Rather,  all  remaining  concepts  will  be  re¬ 
tained  in  the  event  that  an  alternative  decontaminant  is  required  in  the 
subsequent  efforts. 
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APPENDIX  II 
TASK  3  SUBTASK  3 

CHEMICAL  CONCEPTS  PRELIMINARY  SCREENING 
CONTRACT  DAAK11-81-C-0101 
to 

UNITED  STATES  ARMY 

TOXIC  AND  HAZARDOUS  MATERIALS  AGENCY 

1.0  INTRODUCTION 

In  the  previous  phase  (Task  1),  ideas  were  systematically  developed 
into  concepts  for  decontaminating  buildings  and  equipment.  These  concepts 
were  evaluated  and  ranked  with  respect  to  technical  and  economic  factors. 
Knowledge  gaps  relating  to  application  of  the  concepts  were  selected  for 
laboratory  evaluation  in  Task  3  including  five  concepts  utilizing  chemical 
reactions  as  the  decontamination  technique  (OPAB,  MEA,  Steam,  NH^,  NH^/Steam). 
This  report  details  the  results  of  the  preliminary  laboratory  evaluation 
of  these  five  chemical  decontamination  concepts  using  neat  agents. 


2.0  OBJECTIVES 


The  objective  of  this  study  was  to  provide  preliminary  evalua¬ 
tion  of  the  five  proposed  chemical  decontamination  concepts  so  that  the 
list  of  promising  candidates  is  narrowed  to  three  or  less  with  the  minimum 
experimental  effort.  The  chemical  concepts  evaluated  were: 

•  Monoethanol  ami ne  (MEA)  -  neat  and  50%  aqueous  solution 

•  Aqueous  solution  containing  a  surfactant  and  1-octyl 
pyridinium  4-aldoxime  bromide  (OPAB) 

•  Anhydrous  NH3 

•  Steam 

•  Steam/NH3 
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The  primary  criterion  for  evaluation  was  destruction  of  agent  so  that  the 
minimum  amount  of  agent  remained  unaltered  following  the  chemical  treat¬ 
ment.  Secondarily,  rate  of  agent  destruction  was  considered.  Toxicity  of 
by-products  was  also  taken  into  account  by  attempts  at  by-product  iden¬ 
tification  through  GC-MS. 


3.0  FACILITIES  AND  EQUIPMENT 


Since  neat  munition  grade  agents  (HD,  GB,  VX)  were  used  in  the 
tests,  the  experiments  were  performed  in  hoods  located  at  Battelle's 
Hazardous  Materials  Laboratory  (HML). 

Analyses  were  done  by  gas  chromatography  ( GC )  or  gas  chromatog¬ 
raphy  coupled  with  a  mass  spectrometer  (GC-MS).  A  Varian  Model  3700  GC 
equipped  with  a  Varian  Flame  Photometric  Detector  (FPD)  was  used.  This 
detector  has  two  modes  of  use,  the  P  mode  (phosphorus),  and  the  S  mode 
(sulfur).  The  P  mode  was  used  when  analyzing  for  the  phosphorus- 
containing  agents,  GB  and  VX.  The  S  mode  was  used  when  analyzing  for  one 
of  the  sulfur-containing  agents,  HD.  The  column  used  in  the  GC  was  a  3 
percent  SP  2100-DBon  100/120  Supelcoport  (6  feet  long,  0.25  inches  O.D.,  4 
mm  I.D. ) . 

The  GC-MS  used  for  analysis  was  a  Finnagan  Model  A  1020  using 
electron  impact  as  the  mode  of  ionization.  The  scan  range  and  cycle  time 
was  40-450  amu/second.  A  fused  silica  capillary  column  coated  with  DB5 
(30  meters  x  0.025  mm)  was  used  for  GC  separation. 

Each  of  the  five  proposed  chemical  decontaminants  has  its  own 
characteristics  and  therefore  was  treated  individually.  For  the  gaseous 
systems  (steam,  ammonia,  and  steam  and  ammonia  combined),  the  gaseous  reactant 
apparatus  illustrated  in  Figure  1  was  designed.  The  apparatus  allowed 
only  vapor,  not  condensed  liquid,  to  contact  the  agent. 

The  reagent  (water,  anhydrous  ammonia,  or  aqueous  ammonia)  was 
contained  in  a  boiling  flask.  Connected  to  the  neck  of  the  flask  was  an 
extension  tube  into  which  an  inert  Teflon*  plug  was  inserted  for  the  purpose 
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FIGURE  1.  GASEOUS  REACTANT  APPLICATION  APPARATUS 
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of  retaining  the  agent  under  examination.  A  reflux  condenser,  located 
above  the  extension  tube,  served  to  return  decontaminant  to  the  boiling 
flask.  Water  ice  was  used  in  the  condenser  when  operating  with  either 
steam  or  NH^/steam,  while  dry  ice  (mp  =  -78.5  C)  was  used  when  operating 
with  NH3-  When  operating  with  liquid  ammonia  (boiling  point  =  -33  C),  the 
sorbent  plug  was  maintained  at  room  temperature. 

More  flexibility  was  available  for  the  two  liquid  systems.  Un¬ 
diluted  (neat)  agent  was  placed  in  a  100  ml  beaker  containing  a  magnetic 
stirrer.  Liquid  reactant  (OPAB  solution  or  MEA)  was  added  and  the  mixture 
stirred.  Reaction  kinetics  in  terms  of  residual  agent  were  observed  by 
withdrawing  aliquots  at  specified  intervals. 


4.0  EXPERIMENTAL  PROCEDURES 


A  USATHAMA  approved  test  plan  was  used  as  the  basis  for  conducting 
the  experiments.  Actual  laboratory  and  analytical  data  are  given  in  Battel le 
Laboratory  Record  Book  No.  39064  and  39108. 

For  each  of  the  five  chemical  concepts,  a  baseline  experiment 
was  performed  to  determine  recovery  efficiency.  For  OPAB  and  50  percent 
MEA  and  neat  MEA,  this  involved  spiking  the  decontaminating  solution  with 
each  agent,  stirring  a  few  seconds,  and  removing  an  aliquot  for  GC  analy¬ 
sis.  For  steam  and  ammonium  hydroxide  (NH3/Steam),  this  involved 
spiking  water  or  ammonium  hydroxide  with  each  agent,  stirring  a  few  sec¬ 
onds,  and  removing  an  aliquot  for  GC  analysis.  A  similar  experiment  was 
not  done  for  anhydrous  ammonia  since  there  was  no  liquid  remaining  in  the 
pot  to  be  extracted.  Instead,  the  recovery  data  from  the  baseline  exper¬ 
iment  with  VX  and  the  gaseous  application  apparatus  described  above  were 
used. 

Recovery  efficiencies  of  agent  from  solution  of  decontaminant  are 
given  in  Table  1.  The  baseline  experiments  indicated  that  extraction  of 
either  HD  or  GB  from  MEA  required  acidification  to  pH  3  with  acetic  acid  in' 
order  to  achieve  desirable  recovery  efficiencies.  However,  in  the  case  of  VX, 
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TABLE  1.  RECOVERY  EFFICIENCIES  OF  AGENT  FROM  DECONTAMINANTS 
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extraction  from  MEA  was  performed  without  acidification.  The  recovery 
efficiency  of  VX  from  a  50  percent  solution  of  MEA  using  methylene  chloride 
was  109  percent  without  acidification  while  only  5.3  percent  of  the  VX  spiked 
was  recovered  upon  acidification. 

In  addition  to  the  decontaminant  extraction  experiments,  several 
baseline  tests  were  performed  with  the  gaseous  reactant  apparatus.  A  hexane 
wash  of  the  apparatus  containing  the  Teflon*  wool  plug  (no  agent)  was  per¬ 
formed  to  determine  if  interferences  were  present.  Analysis  of  the  hexane  by 
gas  chromatography  indicated  the  sample  was  clean  (i.e.,  no  observable 
peaks).  The  apparatus  was  reassembled  and  10  mg  of  neat  VX  was  applied  to  the 
Teflon*  wool  plug.  The  apparatus,  including  the  plug,  was  then  extracted  with 
30  ml  of  hexane.  Analysis  of  the  hexane  indicated  that  10.8  mg  of  VX  was 
extracted  (108  percent  recovery  efficiency).  A  second  extraction  of  the 
apparatus  with  30  ml  of  hexane  indicated  that  0.042  mg  (0.42  percent  of 
original  spike)  was  extracted.  The  Teflon*  wool  was  then  removed  from  the 
apparatus  and  separately  extracted.  No  agent  was  detectable  in  this  extract. 

Munition  grade  agents  used  in  these  experiments  were  com¬ 
pared  to  SARMs  (PA796,  PA1126,  and  PA1128)  by  GC  to  determine  if  adjust¬ 
ments  were  needed  in  amounts  of  agent  delivered  to  the  reaction  vessels. 
Munition  grade  rather  than  high  purity  agent  was  selected  for  use  in  these 
studies  because  buildings  used  to  manufacture  and  handle  agent  will  most 
likely  be  contaminated  with  munition  grade  rather  than  high  purity  agent. 
Also,  munition  grade  agent  may  be  considered  as  being  the  worst  case  since 

It  may  contain  stabilizers  which  either  inhibit  decomposition  reactions  or 
lead  to  agent  reformation.  Agents  were  delivered  with  Eppendorf  pipettes; 
and  the  density  of  each  was  taken  into  account  in  calculations. 

Table  2  outlines  the  experimental  procedures  and  analysis  con¬ 
ditions  for  the  evaluation  of  the  chemical  decontamination  concepts. 

Sections  4.1  to  4.6  describe  these  procedures  in  more  detail.  All  exper¬ 
iments  were  run  in  duplicate  and  each  experiment  had  two  aliquots  with¬ 
drawn  at  each  interval  for  GC  analysis. 

GC-FPD  analyses  were  all  performed  on  the  same  column  (SP2100  - 
see  Section  3.0)  using  different  temperature  programs.  For  all  HD  analy¬ 
ses,  the  program  was  135  C  isothermal.  For  all  VX  analyses,  the  program 
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TABLE  2.  SUMMARY  Of  EXPERIMENTAL  PROCEDURES 
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was  190  C  (with  4-mlnute  hold)  to  240  C  at  35  C/minute  (with  4-minute 
hold).  For  all  GB  analyses  run  on  GC-FPD,  the  program  was  100  C  (with 
1-minute  hold)  to  240  C  at  90  C/minute.  For  all  G8  analyses  run  on  GC-MS, 
the  program  (on  a  DB5  column)  was  35  C  (with  1-minute  hold)  to  250  C  at  12 
C/mlnute  (with  2-minute  hold). 

The  detection  limit  of  the  standard  curve  for  each  of  the  agents 
(GB,  VX,  and  HD)  was  2  ug/ml .  Quantification  of  the  peaks  was  possible  at 
a  concentration  of  5  yg/ml .  These  detection  limits  apply  to  agent  in  the 
final  solution  being  analyzed. 

4.1  Experiments  with  50  Percent  Monoethanol  amine  (MEA) 

4.1.1  50  Percent  MEA/VX 

Eighty  ml  of  a  50  percent  solution  of  monoethanol  amine  and  dis¬ 
tilled  water  (by  weight)  were  placed  in  a  150-ml  beaker  and  stirred  at 
room  temperature  for  five  minutes.  VX,  in  the  amount  of  322.7  mg,  was 
then  added  and  stirring  continued.  At  intervals  of  10,  20,  40,  60,  120, 
240,  1440  minutes,  5-ntl  aliquots  of  the  mixture  were  removed  and  extracted 
once  with  5  ml  of  methylene  chloride.  The  extract  was  then  analyzed  by 
GC-FPD  for  VX. 

4.1.2  50  Percent  MEA/GB 

These  experiments  were  performed  as  above  with  VX  except  that 
287.0  mg  of  GB  were  spiked  into  the  beaker  and  each  5-ml  aliquot  removed 
was  brought  to  pH  3  by  addition  of  40  ml  of  63  percent  acetic  acid  prior 
to  extraction  with  methylene  chloride.  GC  analyses  showed  no  change  in 
the  amount  of  GB  present  over  time.  Since  literature  reports  noted  fast 
reaction  of  MEA  and  GB,  the  experiment  was  repeated  using  GC-MS  as  the 
detector  for  GB.  The  second  experiment  was  similar  to  the  first  except 
for  the  intervals  at  which  aliquots  were  drawn,  1  and  20  minutes.  GC-MS 
analyses  showed  that  GB  was  reacting  with  MEA  to  form  a  decomposition 
product  that  had  an  identical  retention  time  on  GC  as  GB,  thus  no  change 
in  the  GB  peak  on  GC  was  observed  in  the  first  experiment. 
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4.1.3  50  Percent  MEA/HD 


These  experiments  were  performed  in  a  manner  similar  to  50  per¬ 
cent  MEA  and  VX.  HD,  in  the  amount  of  317.0  mg,  was  spiked.  The  inter-  ; 

val s  for  removing  aliquots  were  the  same  except  no  1440-minute  aliquot  was  ! 

taken.  Again,  each  aliquot  removed  was  brought  to  pH  3  by  addition  of  40 
ml  of  63  percent  acetic  acid  prior  to  extraction  and  analysis  by  GC-FPD. 

The  reaction  mixture  In  the  beaker  in  this  case,  however,  was 
not  always  a  single  phase.  Yellow  beads  of  HD  were  initially  observed,  I 

but  as  the  reaction  approached  completion,  the  reaction  mixture  became 
homogeneous.  Indicating  the  decontamination  product(s)  are  more  soluble  in 
50  percent  MEA  than  HD. 

I 

4.2  Steam 

4.2.1  Steam/HD 


This  experiment  was  performed  using  the  gaseous- reactant  appli¬ 
cation  apparatus  described  in  Section  3.0.  HD,  in  the  amount  of  101.5  mg, 
was  spiked  on  the  Teflon  wool  plug.  Distilled  water,  in  the  amount  of  50 
ml,  was  placed  in  a  100-ml  round  bottom  flask  and  refluxed  for  5,  20,  or 
60  minutes.  The  apparatus  was  allowed  to  cool  after  each  reflux  period, 
the  flask  was  removed,  and  a  5  ml  aliquot  from  the  flask  was  extracted 
with  5  ml  of  methylene  chloride.  Hexane,  in  the  amount  of  30  ml,  was  then 
placed  in  a  new  100-ml  round  bottom  flask  and  placed  under  the  apparatus. 
The  condenser  was  moved  to  the  access  port  (see  Figure  1),  and  the  hexane 
left  to  reflux  for  one  hour.  The  Teflon  plug  was  then  removed  and  ex¬ 
tracted  in  5  ml  of  methylene  chloride.  The  extracts  from  the  condensate, 
the  hexane  rinse,  and  the  plug  rinse  were  all  analyzed  by  GC-FPD. 

4.2.2  Steam/GB 


This  experiment  was  performed  in  a  manner  similar  to  Steam/HD 
except  97.9  mg  of  GB  were  spiked  onto  the  Teflon  wool.  The  boiling  water 
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was  refluxed  for  periods  of  20,  60,  or  120  minutes.  Each  of  the  three 
extracts  were  analyzed  by  GC-FPD. 

4.2.3  Steam/VX 


This  experiment  was  performed  in  a  manner  similar  to  Steam/GB 

except  100.9  mg  of  VX  were  spiked  onto  the  Teflon  wool.  Each  of  the  three 
extracts  were  analyzed  by  GC-FPD. 


4.3  Experiments  with  Anhydrous  Ammonia 

4.3.1  Anhydrous  Arnmonia/GB 

This  experiment  was  performed  In  a  manner  similar  to  the  Steam 
GB  experiment  except  a  dry  ice  condenser  was  used  in  place  of  the  water 
condenser.  GB ,  in  the  amount  of  59.9  mg,  was  spiked  on  the  Teflon  wool 
plug.  After  refluxing  for  20,  60  or  120  minutes,  the  dry  ice  condenser 
was  removed  and  the  ammonia  evaporated.  The  100-ml  round  bottom  flask 
contained  some  water  condensed  from  the  air,  but  no  ammonia.  The  flask 
was  extracted  with  methylene  chloride  as  In  the  steam  experiments.  The 
three  extracts  were  analyzed  by  GC-FPD. 

4.3.2  Anhydrous  Ammonia/HO 

This  experiment  was  performed  in  a  manner  similar  to  the 
Anhydrous  Ammonia/GB  experiment,  except  63.4  mg  of  HD  were  spiked  on  the 
Teflon  wool  plug.  Only  a  60-minute  reflux  experiment  was  performed.  Each 
of  the  three  extracts  from  this  experiment  were  analyzed  by  GC-FPD. 

4.3.3  Anhydrous  Ammonia/VX 


This  experiment  was  performed  in  a  manner  similar  to  the 
Anhydrous  Ammonia/GB  experiment  except  60.5  mg  of  YX  were  spiked  on  the 
Teflon  wool.  Each  of  the  three  extracts  were  analyzed  by  GC-FPD. 
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4,4  Experiments  with  Ammonium  Hydroxide  (NH3/Steam) 

4,4.1  Ammonium  Hydroxl de/SB 


This  experiment  was  performed  in  a  manner  similar  to  Steam/GB 
except  98.0  mg  of  GB  were  spiked  on  the  Teflon  wool  plug  and  only  a  singl 
60-minute  reflux  experiment  was  performed.  Each  of  the  three  extracts 
were  analyzed  by  GC-FPD. 

4.4.2  Ammonium  Hydroxide/HD 


This  experiment  was  performed  in  a  manner  similar  to  Ammonium 
Hydroxide/GB  except  101.5  mg  of  HD  were  spiked  on  the  Teflon  wool.  Each 
of  the  three  extracts  were  analyzed  by  GC-FPD. 

4.4.3  Ammonium  Hydroxl de/VX 


This  experiment  was  performed  in  a  manner  similar  to  Ammonium 
Hydroxide/GB  except  55.5  mg  of  VX  were  spike  on  the  Teflon  wool  plug. 

Each  of  the  three  extracts  were  analyzed  by  GC-FPD. 

4.5  Experiments  with  OPAB 

Two  OPAB  formulations  were  evaluated.  The  BF-OPAB  formulation 
furnished  by  Battel le-Frankfurt,  was  composed  of  5  weight  percent  1-octyl 
ovridimium  4-aldoxime  bromide  sodium  salt,  1  percent  foam  stabilizers, 

5  percent  polyethyleneglycol  and  89  percent  water.  The  BCL-OPAB  formula¬ 
tion,  synthesized  in-house*,  was  composed  of  5  weight  percent  1-octylpyri 
dinium  4-aldoxime  bromide  and  95  percent  water.  The  experimental  proce¬ 
dures,  which  were  identical  for  each  OPAB  formulation,  are  described  as 
fol lows. 

*  Synthesized  under  ARO-STAS  TCN-84-273. 
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4.5.1  QPAB/GB 

6B,  in  the  amount  of  283.1  mg,  was  spiked  into  140  ml  of  OPAB 
in  a  150-mi  beaker.  While  the  solution  was  being  stirred  at  room  tempera¬ 
ture,  10-mi  aliquots  were  removed  at  intervals  of  0,  20,  and  40  minutes. 

The  aliquots  were  extracted  once  with  10  ml  of  methylene  chloride.  These 
extracts  were  analyzed  by  GC-MS  and  GC-FPD. 

4.5.2  OPAB/HD 


This  experiment  was  performed  in  a  manner  similar  to  0PAB/GB 
except  279.0  mg  of  HD  were  spiked  into  the  OPAB  solution.  The  aliquots 
were  removed  at  20,  40,  60,  180,  240,  and  360  minutes.  The  methylene 
chloride  extracts  of  these  aliquots  were  analyzed  by  GC-FPD. 


4.5.3  OPAB /VX 


This  experiment  was  performed  in  a  manner  similar  to  OPAB/GB 
except  283.0  mg  VX  were  spiked  into  the  OPAB  solution.  The  aliquots  were 
removed  at  20,  40,  60,  180,  240,  360,  and  1440  minutes.  The  methylene 
chloride  extracts  were  analyzed  by  GC-FPD. 

4.6  Experiments  with  100  Percent  MEA 


4.6.1  MEA/GB 


This  experiment  was  performed  in  a  manner  similar  to  50  percent 
MEA/GB.  The  5-ml  aliquots  were  removed  from  the  spiked  mixture  at  inter¬ 
vals  of  0  and  20  minutes.  Acidification  of  those  aliquots  was  accom¬ 
plished  with  40  ml  of  63  percent  acetic  acid.  The  aliquots  were  extracted 
with  5  ml  methylene  chloride  and  the  extracts  were  analyzed  by  GC-MS. 

4.6.2  MEA/HD 

This  experiment  was  performed  in  a  manner  similar  to  MEA/GB  except 

317  mg  of  HD  were  spiked  into  the  MEA.  The  5-ml  aliquots  were  removed  at 
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intervals  of  1,  30,  and  60  minutes.  After  acidification  as  in  the  case  of 
MEA/GB,  the  aliquots  were  extracted  with  5  ml  methylene  chloride  and  the 
extracts  were  analyzed  by  GC-FPD. 

This  experiment  was  performed  in  a  manner  similar  to  MEA/GB  ex¬ 
cept  317  mg  of  HD  were  spiked  into  the  MEA.  The  5-ml  aliquots  were  re¬ 
moved  at  intervals  of  1,  30,  and  60  minutes.  After  acidification  as  in 
the  case  of  MEA/GB,  the  aliquots  were  extracted  with  5  ml  methylene 
chloride  and  the  extracts  were  analyzed  by  GC-FPD. 

4.6.3  MEA/VX 


This  experiment  was  performed  in  a  manner  similar  to  the  other 
MEA  experiments  except  322.7  mg  of  VX  were  spiked  into  the  MEA.  The 
CH2CI2  extracts  were  analyzed  by  GC-FPD. 


5.0  ANALYTICAL  RESULTS 


Tables  3  and  4  summarize  the  analytical  results  of  the  text  experi¬ 
ments.  (See  Appendix  A  for  the  detailed  results  of  all  experiments.)* 

Table  3  lists  the  time  in  each  reaction  that  no  detectable  agent  is  pres¬ 
ent  if  that  point  occurred.  If  not,  the  highest  destruction  efficiency 
observed  is  described.  "Time"  indicates  reaction  time,  "Resid"  indicates 
milligram  amount  of  agent  still  present,  and  "%  D"  indicates  percentage 
destruction  efficiency,  which  was  calculated  by  the  following  equation: 


%  Decon  Effectiveness  = 


[agent] 


initial  ~  time  x 

[agent] 


x  100 


It  can  be  seen  from  Table  3  that  the  decontaminants  selected  in 
Task  1  are  effective  decontaminants  for  each  agent  and  that,  as  antici¬ 
pated,  VX  is  the  most  resistant  to  destruction.  Displaying  an  unexpected 
efficiency  in  destroying  HD  as  well  the  expected  GB  and  VX  destruction, 

*  Sample  chromatograms  are  given  in  Appendix  B  and  sample  mass  spectra  and 
given  in  Appendix  C. 


is£E±a9BB autttsem 


SUMMARY  OF  ANALYTICAL  RESULTS 


BOL  =  Below  Detection  Limit  (  <2  pg/ml) 

Average  of  duplicate  experiments:  Resid  =  31.0  and  7.9;  I  [)  =  69.3  and  92.1,  respectively 
Analyzed  by  GC/MS 


TABLE  4.  SUMMARY  OF  RESULTS  FROM  OPAB  REAKER  TESTS 
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(c)  Sample  time  =  Time  after  OPAB  solution  was  spiked  with  agent. 

(d)  Decon.  efficiency  =  100  x  [1  -  Residual  agent  (mg)/Agent  spiked  (mg)]. 

(e)  Analyzed  by  GC/MS  because  of  agent  interferences. 

(f)  The  apparently  low  decon  efficiency  was  probably  caused  by  decomposition  product(s) 
which  interfered  with  GC/FPD  analysis. 
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OPAB  appears  to  be  the  single  reagent  of  greatest  promise.  Steam  is  also 
seen  to  show  excellent  results  in  decontaminating  all  three  agents. 

A  comparison  of  the  results  from  the  OPAB  beaker  experiments 
utilizing  the  two  different  OPAB  formulations  are  shown  in  Table  4.  The 
results  suggest  that  the  BCL-OPAB  formulation  (neat  OPAB  dissolved  in  water) 
was  more  effective  in  destroying  HD  and  VX  and  less  effective  in  destroying 
GB  than  the  BF-OPAB  formulation  (sodium  salt  of  OPAB  and  additives  dissolved 
in  water).  It  is  important  to  note  that  the  residual  GB  detected  in  the 
experiments  using  the  BCL-OPAB  formulation  may  he  a  decomposition  product(s) 
which  interferes  with  the  GC/FPD  analyses  for  GB.  Previous  work  in  Subtask  3 
involving  the  BF-OPAB  formulation  required  the  use  of  GC/MS  to  quantita¬ 
tively  analyze  for  GB  because  of  interferences  which  resulted  when  GC/FPD 
was  used. 

The  activity  of  OPAB  for  destruction  of  HD  appears  to  be  related 
to  the  solution  formulation.  The  BCL-OPAB  formulation  (neat  OPAB  dissolved 
in  water)  is  slightly  acidic  (pH  4  to  5)  whereas  the  BF-OPAB  formulation 
(sodium  salt  of  OPAB  and  additives  dissolved  in  water)  is  basic  (pH  9  to 
10).  The  slightly  acidic  OPAB  formulation  appears  to  be  more  reactive 
with  HD  than  the  basic  OPAB  formulation.  However,  the  basic  OPAB  formulation 
may  still  be  preferred  for  nerve  agent  decontamination. 

Although  not  specifically  investigated,  Information  on  the 
degree  of  agent  reformation  in  reaction  solution  was  obtained  from  the 
kinetic  data.  In  most  experiments  where  kinetic  data  was  obtained,  the 
destruction  of  agent  increased  with  time  thereby  indicating  that  agent 
reformation  did  not  occur.  Ore  exception  is  for  anhydrous  ammonia  and  VX. 
Results  (see  Appendix  A)  indicate  a  lower  destruction  for  the  120  minute 
experiments  than  for  the  60  minute  experiments.  The  lower  destruction  may 
be  due  to  either  reformation  of  VX  or  ice  formation  on  the  neck  of  the 
reaction  vessel  which  occurred  during  the  120-minute  experiments  but  not 
the  60  minute  experiments  (the  Ice  may  have  lowered  the  reaction  tempera¬ 
ture  at  the  Teflon  plug). 

Mass  spectral  data  was  obtained  on  several  selected  reactions, 
namely  Steam/HD,  GB,  VX;  OPAB/HD,  GB,  VX;  50*  MEA/GB;  100%  MEA;  NHr$team/GB, 
VX  and  VX/NH3.  Table  5  summarizes  the  interpretation  of  the  mass  spectral 
data.  The  table  includes  comments  pertaining  to  the  confidence  of  the 
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VX/Steara;  0  P-S  bond  broken;  OCH2CM3  ligand  may  be  frim 
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identification  indicated,  as  well  as  the  implication  of  the  presence  of 
trie  compound  identified-  Where  possible  the  table  also  lists  the  source 
of  an  identified  compound.  The  compounds  derive  from  either  chemical  reaction 
of  the  decontaminant,  agent  with  the  reaction  of  impurities  such  as  solvents 
and  stabilizers  added  to  the  agents  prior  to  use,  or  the  presence  of  other 
impurities.  The  stabilizers  include  diisopropylcarbodiimide  and  dicyclo- 
hexylcarbodiimide  found  in  all  the  agents  and  dibutylamine  found  in  GB 
only. 

In  addition  to  product  identification  attempts,  GC/MS  data  was 
generated  to  confirm  decontamination  on  selected  experiments.  For  example, 
the  mass  spectra  for  the  NH^-steam  decontamination  of  GB  and  VX  were  ob¬ 
tained  to  verify  that  the  apparently  low  decontamination  effectiveness 
observed  in  initial  tests  was  caused  by  interferences.  GC/MS  results  from 
the  GB/NH3-steam  experiments  indicate  that  the  compound  with  the  largest 
peak  area  in  the  chromatogram  of  the  extract  (see  Appendix  B)  is  diisopro- 
pylmethylpho^phonate,  a  transesterification  product  of  GB  hydrolysis. 

G3  was  not  detected  by  GC/MS  in  the  extract.  With  an  estimated  detection 
limit  of  25  yg  GB/ml  x  30  ml  =  0.75  yg  GB,  approximately  98  percent  of 
the  GB  was  destroyed  by  the  NH^-steam  treatment  in  60  minutes.  This  is 
comparable  to  the  destruction  efficiency  achieved  using  either  anhydrous 
ammonia  alone  or  steam  alone.  Therefore,  the  initially  reported  low  GB 
destruction  efficiency  by  NH3-steam  was  due  to  an  interference  in  the  GC/FPD 
analysis  method.  GC/MS  analysis  of  the  VX/NHj-steam  extract  did,  however, 
indicate  residual  VX  remained  following  60  minutes  of  the  NH3-steam  treat¬ 
ment  (See  Figure  C17  in  Appendix  C).  Although  the  VX  peak  size  was  not 
quantified,  it  is  likely  that  sufficient  VX  was  present  to  account  for 
the  relatively  low  destruction  efficiency  previously  observed  (i.e.,  80.7  percent 
of  VX  was  decontaminated  after  being  in  contact  with  NH^-steam  for  60  minutes). 

6.0  COMPARISON  OF  RESULTS  WITH  SOME  LITERATURE  REPORTS 

It  is  interesting  *o  observe  the  correlation  (or  contrast)  be¬ 
tween  results  obtained  in  this  subtask  and  some  of  those  reported  in  the 
literature. 
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Rossmannd)  reports  a  halflife  of  8,6  minutes  at  20  C  for  VX  in 
OPAB  (OPAB,  foam  stabilizer,  polyethylene  glycol  and  water)  and  1.8  min¬ 
utes  for  DFP  (di isopropyl  fl uorophosphonate)  under  the  same  conditions. 

The  results  from  the  current  experiments  indicate  destruction  of  YX  to  be 
below  the  detection  limit  (99.8  percent  destruction)  between  60  and  180 
minutes  (intermediate  intervals  were  not  explored)  which  is  in  good 
agreement  with  the  78  minutes  (9  halflives)  required  by  Rossmann's  value 
for  99.8  percent  destruction.  There  appears  to  be  no  literature  data  for 
the  destruction  of  GB  and  HD  by  OPAB. 

Monoethanol  amine  ( ME A)  is  reported  to  destroy  HD.  At  25  C  HD 
was  observed(2)  to  i^ve  a  halflife  of  321  minutes  in  neat  MEA.  More 
rapid  results  were  observed  in  the  current  experiments  where  50  percent 
aqueous  NEA  achieved  99.9  percent  destruction  of  HD  in  240  minutes.  It 
has  been  rational ized(3)  that  GB  and  MEA  (aqueous  or  anhydrous)  should 
react  rapidly  and  th* was  observed  to  be  the  case  (see  Appendix  A).  Ad¬ 
ditional  information  is  available  concerning  MEA  in  combination  with  other 
components  (e.g.  solvents,  caustic)  but  direct  comparison  with  the  current 
results  is  not  applicable. 

Attempts  to  decontaminate  HD  contaminated  clothing  with  10  per¬ 
cent  anhydrous  NH-j  were  reported  to  be  unsuccessful^).  This  confirms 
the  low  decontamination  efficiency  of  9.7  percent  obtained  from  our  ex¬ 
periments.  No  unclassified  reports  were  located  which  report  tests  on  the 
decontamination  efficiency  of  GB  or  VX  with  anhydrous  NH3. 

While  good  results  were  observed  with  aqueous  ammonia  in  the 
vapor  phase  (i.e.  NHj/steam)  against  HD,  results  with  the  VX  were 
less  favorable.  It  has  been  reported  that  ammonium  hydroxide  at  100  C 
hydrolyzes  VX  rather  slowly(5)  and  this  appears  to  confirm  the  current 
observations. 

Steam  alone  has  been  reported  to  decontaminate  HD  to  very  low 
residue  (99.95  percent  removal)  levels  in  as  little  as  10  minutes  if  the 
contaminated  surface,  in  this  case  painted  steel,  is  not  preheated. (6 ) 
Current  experimental  results  indicate  the  disappearance  of  99.8  percent  HD 
in  20  minutes  under  somewhat  different  conditions. 
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In  general,  then,  where  the  literature  contains  data  obtained 
under  conditions  close  enough  to  those  employed  in  this  subtask  to  permit 
at  least  rough  comparisons  to  be  made,  there  are  no  major  discrepancies 
between  this  work  and  that  of  others. 

In  terms  of  the  results  obtained  by  MS  analysis  of  selected  re¬ 
actions,  some  correspondence  with  literature  was  found.  Rossmann(l) 
predicted  that  the  reaction  between  OPAB  and  GB  would  be  a  nucleophilic 
displacement  of  the  fluorine  to  produce  HF  and  the  phosphoric  acid  of  GB. 
While  the  phosphoric  acid  was  not  directly  observed,  the  P-F  bond  was 
broken.  It  has  been  reported(7)  that  phosphorus-containing  agents  form 
polymers  called  "pyro"  agents  upon  reaction  at  the  phosphorus- fluorine  or 
phosphorus-sul fur  bond.  MS  data  reveal  a  product  which  could  result  from 
hydrolysis  of  this  polymer  followed  by  attack  by  the  displaced  ligand, 
■OCHCH3.  Reaction  of  steam  with  VX  show  a  reaction  similar  to  the 
OPAB/GB  reaction  except  that  the  attacking  ligand  is  “OCH ( CH3 ) 2 - 

Domjan(4)  shows  the  mechanism  for  the  reaction  of  VX+NH3  as 

follows. 


CH3  0 

\S 

OC2H5  S. 


NH3  +  H20 


->  ch3  0 

\  / 

/p\ 

/  ,  >©  © 

0C2H5  (I)  ONH4 


+  HSCH=CH-N(CH(CH3)2)2 
(II) 


CH2CH2N(CH (CH3) 2)2 


The  thiol  (II)  was  observed  in  the  reaction  product  analysis  by  MS,  but 
not  the  ammonium  phosphinate  (I).  It  is  unlikely  that  such  a  phosphinate 
would  form  a  polymer,  hydrolyze,  and  be  attacked  by  a  displaced  ligand,  as 
discussed  above  for  OPAB/GB  and  Sxeam/VX.  However,  "pyro-VX"  was  observed 
by  MS,  indicating  that  perhaps  the  phosphinate  does  not  form  or  that  the 
"pyro-VX”  observed  by  MS  was  generated  by  a  different  mechanism. 

The  reaction  of  MEA  and  GB  in  chloroform  with  triethyl  ami ne  as 
proton  acceptor  is  thought^)  to  occur  as  follows: 
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0  0 

H  N 

CH3-P-F  +  HOCH2CH2NH2 - >  CH3-P-OCH2CH2NH2  +  HF 

bcH(CH3)2  OCH ( CH3 ) 2 

HF  +  Et3N  ^  Et3N-HF 

The  author  warns,  however,  that  these  results  may  not  be  used  to  forecast 
the  reactivity  of  aqueous  MEA  with  GB,  since  MEA  and  water  have  high  di¬ 
electric  constants  which  would  favor  reaction  between  these  materials  as 
opposed  to  the  poor,  low  dielectric  of  chloroform.  On  the  basis  of  the  MS 
results  from  this  study  it  is  difficult  to  determine  whether  the  phosphate 
moiety  has  reacted  to  form  a  phosphate  amide  alcohol  or  a  phosphate  ester 
amine  or  something  else. 


7.0  EVALUATION  AND  RECOMMENDATION 


The  results  of  this  subtask  indicate  that  all  of  the  decontami¬ 
nants  investigated  (50*  MEA,  Steam,  NH3#  NH3/Steam,  OPAB  and  100* 

MEA)  were  effective  to  some  extent.  As  such,  no  concept  will  be  elimi¬ 
nated  although  a  selection  of  the  most  promising  concepts  will  still  be 
performed.  The  less  promising  concepts  will  be  retained  for  consideration 
in  the  event  that  an  alternative  concept(s)  is  required  in  si±>sequent 
efforts. 

Although  it  is  not  a  requirement  of  this  program  that  a  decon¬ 
tamination  system  be  developed  which  is  applicable  to  all  three  agents 
under  consideration,  there  is  a  certain  logistical  advantage  to  identify¬ 
ing  such  a  universal  reagent.  With  this  in  mind,  the  candidate  reagents 
can  be  summarized  as  follows. 

•  MEA  -  Although  MEA  (50  percent  aqueous  and  undiluted)  is 
rapidly  effective  against  GB  and  reacts  slowly  yet 
completely  (i.e.  below  detection  limit)  with  HD,  It  is 
less  effective  in  decontaminating  VX.  As  such,  the 
performance  of  MEA  is  less  promising  as  compared  with 
other  systems  evaluated. 
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•  NH3  _  Anhydrous  ammonia  was  evaluated  in  spite  of  its 
potential  hazards  (relatively  toxic,  gas  with  explosion 
limits)  because  of  the  advantages  arising  from  the 
ability  of  a  gaseous  reagent  to  distribute  itself 
throughout  a  structure  and  to  penetrate  inaccessible 
spaces  and  surfaces.  It  was  found  to  have  less 
effective  decontaminating  properties  especially  for  HD 
as  compared  with  other  decontaminants. 

•  NH3/Steam  -  A  mixture  of  ammonia  and  steam,  i.e. 
boiling  aqueous  ammonia,  produced  somewhat  ambiguous 
results.  Because  there  is  no  direct  evidence  that  this 
system  is  superior  to  steam  alone,  the  NH3/Steam 
concept  merits  no  further  study  at  this  time. 

•  Steam  -  Steam  has  many  obvious  advantages  for  use  as  a 
decontaminant.  It  is  inexpensive,  non-toxic  and  easily 
applied  to  complex  configurations.  The  principal  hazard 
expected  to  be  associated  with  its  use  is  the  possible 
risks  for  burns  to  operating  personnel.  Steam  is  an 
effective  decontaminant:  nerve  agents  are  reduced  to  1 
percent  or  less  residue  within  two  hours  and  mustard  is 
decomposed  in  even  less  time.  In  field  application 
longer  exposure  times  can  be  achieved  if  required.  The 
degradation  products  of  Steam/VX  seem  innocuous.  Steam 
is  an  obvious  candidate  for  more  extensive  evaluation. 

•  OPAB  -  The  OPAB  formulation  was  specifically  developed 
for  and  evaluated  against  VX.  The  very  effective 
results  reported  by  the  Battell e-Frankfurt  research 
group  were  confirmed  in  this  subtask.  In  addition, 

OPAB  was  demonstrated  to  be  effective  against  GB  as 
anticipated  and  against  HD  which  was  not  expected, 


81 


11-28 


OPAB  is  a  safe  material  to  apply  since  it  is  not  toxic 
and  can  be  applied  at  ambient  temperature.  OPAB  is  a 
relatively  low  viscosity  liquid  and  the  presence  of  a 
surface  active  chemical  should  enhance  spreading.  The 
surface  active  chemical  may  be  removed  to  enhance 
penetration  of  concrete,  if  necessary.  The  degradation 
products  of  OPAB/GB  seem  innocuous.  The  OPAB  system  is 
one  of  the  most  effective  decontaminants  for  all  three 
agents  examined.  One  apparent  negative  attribute  of 
OPAB  is  the  cost,  although  commercial  production  of  OPAB 
might  reduce  its  cost  significantly. 

We  recommend  that  further  evaluations  be  made  of  the  steam  and 
OPAB  decontamination  methods. 
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(a)  HDL  -  Below  Detection  Limit 

(b)  As  determined  by  GC/FPD,  the  experiments  were  subsequently  repeated  and  the  samples 
were  analyzed  by  GC/MS.  No  residual  SB  was  detected  In  the  repeat  experiment. 
However,  intact  VX  was  detected  by  GC/MS. 
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APPENDIX  B 
GAS  CHROMATOGRAMS 


The  following  sample  chromatograms  of  extracts  (i.e.CH^^,  hexane) 
obtained  after  decontamination  are  given  in  Appendix  B. 

Agent  Decontaminant  Figure  No. 
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FIGURE  B2 .  GAS  CHROMATOGRAM  OF  EXTRACT  FROM  OPAB  DECONTAMINAT 
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II-C-1 
APPENDIX  C 

MASS  SPECTRA 

The  following  mass  spectra  were  used  in  either  identification  of 
agent  decomposition  products  or  confirmation  for  the  presence  of  intact 
agent. 


Aqent 

Decontaminant 

Fiqure  1 

HD 

Steam 

C1-C3 

GB 

Steam 

C4 

VX 

Steam 

C5 

HD 

OPAB* 
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GB 

OPAB** 

C7-8 

VX 

OPAB* 

C9-C10 

GB 

50*  MEA 

C11-C12 

VX 

100*  MEA 

C13 

GB 

NH-j/Steam 

C14 

VX 

NH3/Steam 

C15-C17 

VX 

NH3 

C18-C21 

*  BCL-OPAB  (neat  OPAB  dissolved  in  water) 

**  BF-OPAB  (sodium  salt  of  OPAB  and  additives  dissolved  in  water) 
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SPECTRUM  OF  EXTRACT  FROM  STEAM  DECONTAMINATION 


SPEC  TRW 


FIGURE  C2.  MASS  SPECTRUM  OF  EXTRACT  FROM  STEAM  DECONTAMINATION  OF  HD  (#2) 


FIGURE  C4 .  MASS  SPECTRUM  OF  EXTRACT  FROM  STEAM  DECONTAMINATION 
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FIGURE  C5.  MASS  SPECTRUM  OF  EXTRACT  FROM  STEAM  DECONTAMINATION 
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FIGURE  Cll.  MASS  SPECTRUM  OF  EXTRACT  FROM  MEA  (50  PERCENT)  DECONTAMINATION 
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FIGURE  C 17.  MASS  SPECTRUM  OF  EXTRACT  FROM  NH-/STEAM  DECONTAMINATION 
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FIGURE  C18.  MASS  SPECTRUM  OF  EXTRACT  FROM  NH,  DECONTAMINATION 
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FIGURE  Cl 9.  MASS  SPECTRUM  OF  EXTRACT  FROM  NFL  DECONTAMINATION  OF  VX  (#2) 


FIGURE  C20.  MASS  SPECTRUM  OF  EXTRACT  FROM  NH-.  DECONTAMINATION  OF  VX  (#3) 
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EXECUTIVE  SUMMARY 


The  ability  for  liquid  and  gaseous  decontaminants  to  penetrate 
mortar  was  investigated  in  this  subtask.  Aqueous  solutions  and  FREON*  113 
were  applied  to  mortar  coupons  by  spraying  and  by  a  constant  contact  method. 
The  diffusion  rate  of  gaseous  NH^  {a  candidate  CW  agent  decontaminant)  through 
mortar  was  determined. 

Experimental  results  indicate  spraying  is  the  preferred  method  for 
application  of  aqueous  based  decontaminants  to  concrete.  Penetration  depths 
of  h  to  1  inch  were  achieved  with  the  spraying  method.  Operating  parameters 
were  determined  for  further  evaluation  of  the  spraying  method  in  subsequent 
subtasks  (5,  6  and  7)  of  both  Task  3  (agents)  and  Task  4  (explosives). 

Gaseous  NH3  has  been  demonstrated  to  readily  penetrate  one  inch 
thick  mortar  coupons.  Further  evaluation  of  the  NH^  decontamination  concept 
will  be  performed  if  a  replacement  concept  is  required  in  subsequent  subtasks 
of  Task  3. 
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TASK  3,  SUBTASK  4 
TEST  REPORT  FOR 
DIFFUSION  STUDIES 
Contract  DAAK1 1 -81 -C-0101 
to 

UNITED  STATES  ARMY 

TOXIC  AND  HAZARDOUS  MATERIALS  AGENCY 


1.0  INTRODUCTION 

In  the  previous  phase  [Task  1  (agents)  and  Task  2  (explosives)], 
ideas  were  systematically  developed  into  concepts  for  decontaminating 
buildings  and  equipment.  These  concepts  were  evaluated  and  ranked  with  respect 
to  technical  and  economic  factors.  Because  facility  decontamination  includes 
decontamination  of  trace  quantities  of  agents  or  explosives  which  have 
penetrated  into  porous  materials  such  as  concrete,  a  criterion  was  incor¬ 
porated  in  these  evaluations  which  focused  on  the  anticipated  depth  of  penetration 
of  the  decontaminant  into  porous  materials.  It  was  assumed  that  the  depth  of 
penetration  of  chemical  decontaminants  would  be  less  than  1/8  inch  for  liquids 
and  more  than  1/8  inch  (but  less  than  complete  penetration)  for  gases.  It  was 
recognized  that  an  experimental  effort  would  be  required  to  substantiate  these 
penetration  depths.  Furthermore,  knowledge  gaps  relating  to  the  application 
of  the  decontaminant  on  to  concrete  (e.g.,  application  rates,  application  times 
and  equipment  selection)  were  identified  for  experimental  evaluation. 


2.0  OBJECTIVE/SCOPE  OF  STUDY 

The  objectives  of  this  subtask  were  to  determine 
•  the  feasibility  of  application  of  liquid  decontami¬ 
nants  to  concrete  by  spraying; 
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•  the  liquid  and  recycle  requirements,  application 
times,  and  preliminary  equipment  requirements  for  a 
subsequent  engineering/economic  analysis; 

•  the  feasibility  of  a  sustained  application  method  for 
liquids  such  as  the  use  of  gels  or  foams; 

•  exposure  times  for  the  application  of  NH^  gas  to 
agent-contaminated  concrete  structures; 

The  potential  decontaminants  investigated  in  this  subtask  included: 

•  Aqueous  solutions  -  with  and  without  surfactants  or 
co-sol  vents 

•  Monoethanol  amine  (MEA)  -  aqueous  solution 

•  Gaseous  NH^  (anhydrous) 

9  FREON  113  solvent 

Since  these  decontaminants/solvents  are  representative  of  the  chemical  and 
physical  decontamination  fluids  to  be  used  for  both  agents  and  explosives,  the 
results  of  this  subtask  will  be  utilized  in  both  Task  3  (aqueous  solutions, 
MEA,  NH^,  and  FREON  113)  and  Task  4*  (aqueous  solutions  and  FREON  113). 

The  three  application  methods  investigated  included: 

•  Spraying 

•  Constant  contact 

•  Gaseous  diffusion 


3.0  TEST  COUPONS 
3.1  Description 

Concrete  is  composed  of  mortar  (sand,  cement,  and  water)  and 
aggregates.  In  this  subtask,  5  inch  by  5  inch  square  by  1/4,  1/2  or  1  inch 
thick  mortar  coupons  (no  aggregate)  were  used  for  all  experiments.  Aggregates 
were  not  added  to  the  mortar  mix  because  typical  aggregates  used  in  commercial 


*  A  related  effort  focusing  on  decontamination  cf  explosives. 


138 


III-3 


concrete  preparations  were  too  large  to  be  used  in  the  coupons.  The  maximum 
size  of  suitable  aggregate  is  determined  by  taking  one-third  the  size  of  the 
smallest  dimension  of  the  mold.  Because  one-fourth  inch  thick  coupons  were 
used  in  most  of  the  tests,  the  largest  aggregate  should  be  no  larger  than  one- 
twelfth  inch  in  size  (equivalent  to  sand).  Typical  commercial  aggregate  is  a 
minimum  of  one-fourth  inch  in  size.  Also,  a  material  such  as  basaltic  aggregate 
(typically  used  as  aggregate  portion  of  concrete)  has  a  low  permeability  and  a 
low  porosity.  As  such,  there  are  relatively  few  pores  into  which  liquids  or 
gases  (i.e.,  water,  decontaminants,  agents,  explosives,  etc.)  can  penetrate. 
Limestone,  another  typical  aggregate,  is  relatively  permeable  as  compared  with 
basalt  but  has  a  permeability  comparable  to  mortar. 

High  porosity  .nd  low  porosity  mortar  coupons  were  prepared  for  use 
in  all  tests.  The  literature  search,  states  that  the  water-to-cement  ratio 
(W/C)  has  the  greatest  effect  on  the  porosity  of  the  mortar  (see  Appendix  A). 

As  such,  the  mortar  test  coupons  were  cast  using  two  different  water-to-cement 
ratios  in  order  to  achieve  the  two  different  porosities.  The  amount  of  sand 
added  for  each  type  was  determined  from  the  preparation  of  trial  batches 
described  in  Appendix  B. 

Most  of  the  cast  coupons  were  allowed  to  cure  for  at  least  14  days* 
in  a  room  maintained  at  100  percent  relative  humidity.  The  coupons  were  then 
allowed  to  equilibrate  to  ambient  humidity  (see  Appendix  B).  A  slightly 
longer  cure  time  is  usually  recommended  to  increase  the  long-term  strength  and 
durability  of  mortar.  However,  the  porosity  of  mortar  does  not  markedly  change 
after  a  7-day  cure  and  it  was  found  that  nearly  all  of  the  14-day  cured  coupons 
were  durable  enough  to  withstand  testing. 

3.2  Coupon  Porosities 

A  breakdown  of  the  average,  highest,  and  lowest  porosities,  are 
included  in  Table  1  for  each  type  of  coupon  cast.  As  shown  in  Table  1,  the 
low  porosity,  1/4-inch  thick  coupons  that  were  cured  for  14  days  had  an 


*  Ten  low  porosity  coupons  were  allowed  to  cure  for  only  7  days  in  order  to 
initiate  the  spray  experiments  sooner. 
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average  porosity  of  11.6  percent;  the  highest  being  11.7  percent,  and  the 
lowest,  11.5  percent.  This  variation  in  porosity  was  considered  small  enough 
that  the  porosity  of  every  low  porosity,  1/4-inch  thick  coupon  cured  for 
14  days  was  not  experimentally  determined.  However,  a  large  variation  in  the 
porosity  for  the  other  coupons  was  observed,  thereby  requiring  that  a  porosity 
determination  be  made  on  each  coupon  used  in  a  test.  The  experimental  tech¬ 
nique  used  to  determine  porosity  is  described  in  Appendix  C. 


TABLE  1.  COUPON  POROSITIES 


Cure  Time 
(days) 

Water :Cement 
ratio* 

Thickness 

(in) 

Lowest 
porosity 
(vol  X) 

Average 
porosity 
(vol  *) 

Highest 
porosity 
(vol  %) 

7 

0.4 

12.7 

13.1 

13.5 

14 

0.4 

11.5 

11.6 

11.7 

14 

0.6 

>4 

15.3 

17.0 

18.6 

14 

0.4 

H 

9.7 

11.5 

13.0 

14 

0.6 

H 

10.5 

13.6 

15.9 

14 

0.4 

1 

6.8 

7.3 

8.3 

14 

0.6 

1 

11.4 

12.2 

13.2 

*  In  this  report,  all  coupons  prepared  with  a  0.4  water  /  cement  ratio  are  referred  as  low 
porosity  coupons.  All  coupons  prepared  with  a  0.6  water/ cement  ratio  are  referred  as  high 
porosity  coupons. 


4.0  SPRAYING  EXPERIMENTS 


The  spraying  experiments  identified  trends  in  conditions  for  the 
application  of  aqueous  solutions  and  FREON®  to  mortar  by  spray  application. 
The  spraying  variables  which  were  experimentally  evaluated  included: 

•  Nozzle  type 

•  Supply  pressure 
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•  Coverage 

•  Interval 

For  each  variable,  two  or  three  conditions  were  selected  such  that  the  affect 
of  the  variable  ( i . e . ,  trends)  on  the  penetration  rate  of  liquid  into  mortar 
could  be  determined.  The  range  of  values  selected  for  each  variable  and  the 
rational  for  their  selection  are  given  in  Table  2.  In  addition  to  these 
spraying  variables,  solution  and  mortar  properties  were  varied.  The  solutions 
and  mortar  types  which  were  experimentally  evaluated  included: 

Solutions 

•  Water 

•  Water/Solvent 

*5  percent  acetone/water** 

-50  percent  acetone/water** 

-10  percent  DMSQ/water** 

-40  percent  DMSO/water** 

•  Water/Surfactant 

-0.1  percent  Triton  X-100 

-1.0  percent  Triton®  XI 00 

•  50  percent  MEA/water 

•  FREON®  113 

Mortars 

•  1/4-inch  thick  low  and  high  porosity 

t  1/2-inch  thick  low  and  high  porosity 

•  1-inch  thick  low  and  high  porosity 

Because  of  the  large  number  of  experiments  required  to  evaluate  all  possible 
combination  of  variables,*  the  number  of  experiments  were  reduced.  The  logic 
used  to  reduce  the  number  of  experiments  is  shown  in  Figure  1. 


*  Two  nozzle  types  x  2  pressures  x  3  coverages  x  3  intervals  x  9  solutions 
x  6  mortars  -  1944  experiments 

**  Investigated  as  a  solvent  for  either  explosives  or  C.W.  agents. 
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TABLE  2-  SELECTEO  VALUES  FOR  SPRAYING  VARIABLES  AND 
RATIONALE  FOR  THEIR  SELECTION 


Test  Variable 
Pressure 


Nozzle  type 


Coverage 


Interval 


Selected 

Valves 


40  and  100  psig 


Fine  particle 
(100-300U ) 
and  coarse 
particle 
( 500-1 OOOu) 


0.05,  0.1  and 
0.5  gal /ft2/ 
spray 


1 ,  5,  and  10 
minute 


Reason  for  Selection  of  Valves 


Typical  operating  pressures  for  many  coimercial 
spraying  units. 

Sufficiently  different  pressures  such  that  the 
effect  of  pressure  on  liquid  penetration  can  be 
determined. 

Higher  pressures  (e.g.,  400  psig)  were  not  selected 
because  abrasion  of  the  mortar  would  occur. 

Abrasion  would  cause  building  damage  and  the  need 
to  process  solid  residue,  both  of  which  are  not 
desirable. 

Sufficiently  different  particle  sizes  such  that 
the  effect  of  particle  size  on  liquid  penetration 
can  be  determined. 

Trends  in  the  data  will  determine  whether  or  not 
smaller  particles  (less  than  100u)  would  be  ore- 
ferred.  Smaller  particles  would  require  the  use 
of  nebulizers  or  atomizers  and  affect  the  physical 
removal/decontamination  process. 

Commercial  spray  nozzles  which  emit  longer  particle 
sizes  are  available.  However,  these  nozzles  re¬ 
quire  much  larger  flow  rates  (e.g.,  10  to  30  gpm) 
which  are  not  desirable  because  of  (1)  large 
material  requirements  and  (2)  the  need  to  process 
large  quantities  of  waste  solution  for  recycle 
and  disposal. 

Sufficiently  differant  coverages  such  that  the 
effect  of  coverage  on  liquid  penetration  can  be 
determined. 

2 

Higher  coverages  (e.g.,  greater  than  1.0  gal /ft  / 
spray)  are  not  desirable  because  of  large  material/ 
recycle  requirements. 

Trends  in  the  data  will  determine  whether  or  not 
lower  coverages  would  be  preferred. 

Sufficiently  different  intervals  such  that  the 
effect  of  internal  on  liquid  penetration  into 
mortar/evaooration  from  the  mortar  surface  can  be 
determined. 

Trends  in  the  data  would  suggest  the  time  required 
for  the  film  on  the  mortar  surface  to  be  deoletea 
by  adsorption  into  the  mortar/evaporation  from  the 
mortar. 
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4.1  Description  of  Spraying  Experiments 

4.1.1  Spraying  Apparatus 

The  spraying  apparatus,  shown  in  Figure  2,  consisted  of  a  pressure 
vessel,  a  hose,  a  spray  gun,  spray  nozzles  and  a  shield  assembly.  A  pressure 
vessel  was  used  to  supply  pressurized  liquid  at  40  psig  and  100  psig.  The 
liquid,  at  room  temperature,  was  sprayed  on  the  coupons  which  were  installed 
in  the  shield  shown  in  Figures  2  and  3.  The  spray  gun  was  calibrated  at 
various  operating  pressures  to  deliver  specified  flow  rates. 

The  5-inch  square  test  coupon  was  clamped  behind  a  4-inch  square 
opening  in  a  framed  shield.  The  shield  was  supported  in  such  a  way  that  the 
face  of  the  test  coupon  was  vertical  as  shown  in  Figure  2.  This  shield  served 
as  a  support  for  the  coupon  and  insured  that  only  the  surface  of  the  coupon 
was  exposed  to  the  decontaminant  spray  solution  or  solvent.  The  spray  shield 
was  modified  from  that  described  in  the  test  plan  by  adding  three  1  ft  x  2  ft 
x  1/4"  pieces  of  PLEXIGLAS  perpendicular  to  the  front  face  of  the  shield  to 
contain  the  overspray. 

A  rubber  gasket  was  placed  around  the  perimeter  of  the  opening, 
between  the  spray  shield  and  the  coupon,  to  prevent  moisture  from  seeping 
around  the  coupon.  The  test  coupon,  shield,  and  support  were  placed  in  a 
basin  to  collect  all  the  run-off  decontaminant  solution  or  solvent. 

4.1.2  Test  Variables/Data 


The  following  is  a  list  of  parameters  identified  for  each  spraying 
experiment : 

•  Original  Weight  (WQ)  -  weight  of  coupon  equi libriated 
to  ambient  humidity  (grams) 

•  Weight  Change  (W.)  -  difference  between  the  weight  of 
a  coupon  after  a  number  of  intervals,  and  the 
original  weight  of  the  coupon  (grams) 
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FIGURE  2.  SPRAYING  APPARATUS 


FIGURE  3.  SPRAY  SHIELD  ASSEMBLY 


m-n 

Interval  -  corresponds  to  one  spray  cycle 

Weight  of  Saturated  Coupon  (W^y)  -  Weight  of  coupon 

completely  saturated  with  water  (grams) 

iW  =  Dimensionless  coupon  weight  gain  =  Wt/(WSAT  -  WQ)  = 

coupon  weight  gain  by  absorption  of  liquid  divided  by  weight 

of  liquid  absorbed  by  a  saturated  coupon. 

Interval  Time  (T„. )  -  the  time  between  the  start  of 
each  spraying  (min)  =  sum  of  spray  time  and  idle  time 
Spray  Time  (T)  -  the  time  required  to  spray  a  given 
amount  of  liquid  on  the  surface  of  the  coupon  during 
one  interval  (min) 

Total  Spray  Time  (AT)  -  the  summation  of  the  spray 
times  over  given  number  of  intervals  (min) 

Idle  Time  -  the  time  the  coupon  was  not  subjected  to  a 
spray  within  a  given  .nterval  (min) 

Total  Idle  Time  -  the  summation  of  the  idle  time  over 
a  given  number  of  intervals  (min) 


Coverage  -  the  amount  of  liquid  sprayed  in  each 

.2 


interval  per  unit  area  covered  ( gal /ft  of  coupon 
area/spray) 

-  liquid  supply  pressure 

-  based  on  the  average  particle  size  of 
the  spray  (Nozzle  manufacturer's 
data) 

-  relative  measure  of  the  void  space 
available  in  the  coupon 


Pressure 
Nozzle  Type 


Porosity 


The  relationships  between  spray  time,  idle  time,  and  the  spray  cycle  interval 
are  illustrated  in  Figure  4. 


4.1.3  Test  Procedure 


The  following  procedure  was  used  in  conducting  the  spraying  experi¬ 


ments  : 


1.  Select  and  record  nozzle,  pressure,  coverage, 


interval,  and  solution. 

147 


FIGURE  4.  RELATIONSHIP  BETWEEN  SPRAY,  IDLE,  AND  INTERVAL  TIME 


111-13 


2.  Calculate  spray  time. 

3.  Record  starting  time,  temperature,  relative 
humidity,  initial  amount  of  solution  charged  in 
pressure  vessel,  coupon  number,  coupon  thickness 
(1/4,  1/2  or  1  inch)  porosity  of  coupon  (high  or 
low),  and  initial  weight  of  coupon. 

4.  Install  coupon  in  shield. 

5.  Start  clock  and  spray  for  calculated  spray  time 

6.  Record  time  first  interval  began. 

7.  Repeat  spraying  for  the  calculated  spray  time  at  the 
beginning  of  each  interval. 

8.  After  every  fifth  interval  (beginning  of  sixth 
interval),  wipe  coupon  with  a  damp  cloth  and  remove 
from  the  shield. 

9.  Weigh  coupon  on  a  balance  accurate  to  +  0.01  grams 

10.  Record  time,  weight,  weight  change,  and  if  penetra¬ 
tion  had  occurred. 

11.  Re-install  coupon  in  shield,  spray,  and  record  time 
and  interval. 

12.  Repeat  steps  7  through  11  until  either  the  fortieth 
interval  is  reached  for  1/4-inch  coupons  or  the 
eightieth  interval  for  1/2-inch  and  1-inch  coupons. 

13.  Save  coupon  for  porosity  determination  (as  required). 

14.  Add  liquid  to  pressure  vessel  when  needed. 

15.  Collect  and  record  amount  of  run-off  liquid  from 
spray  shield. 

16.  Determine  final  amount  of  liquid  in  pressure  vessel. 

Several  steps  of  the  procedure  are  further  described  below. 


4. 1.3.1  Spray  Time  Calculation.  Prior  to  performing  the  experi¬ 
ments,  the  flow  rate  from  each  nozzle  was  calibrated  by  measuring  the  delivery 
rate  of  liquid  from  the  nozzle  for  a  40  and  a  100  psig  supply  pressure.  Once 
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the  flow  rate  was  calibrated,  the  time  the  spray  must  be  maintained  for  each 
spraying  (spray  time)  was  calculated  as  follows: 

Spray  Time  (min)  =  Coverage  (gal/ftfj  x  Coupon  Area  (ft2) 

Flow  Rate  (gal/min) 

4. 1.3.2  Coupon  Wiping /We i q h i n g .  Before  weighing,  the  coupon  was 
wiped  with  a  damp  towel  to  keep  the  liquid  from  seeping  around  to  the  back  of 
the  coupon.  Wiping  removed  water  drops  and  the  thin  film  of  liquid  from  the 
surface  of  the  coupon.  The  weight  recorded  was  the  weight  of  the  coupon  and 
the  liquid  that  had  permeated  into  the  coupon.  Because  the  weight  did  not 
include  the  weight  of  the  residual  surface  drops  and  film,  a  more  representa¬ 
tive  weight  gain  due  to  fluid  penetration  was  obtained.  The  method  of  wiping 
with  a  damp  towel  is  recommended  by  ASTM  Method  C-20. 

For  most  of  the  tests,  the  weight  change  was  measured  every  fifth 
interval  rather  than  every  interval. 

4. 1.3. 3  Nozzle  Distance.  The  distance  the  nozzle  was  held  from  the 
coupon  was  unique  to  each  nozzle  and  supply  pressure.  The  distance  was 
determined  by  holding  the  nozzle  at  the  farthest  distance  from  the  coupon  such 
that  the  largest  dimension  of  the  spray  pattern  would  spread  4  inches  (the 
surface  to  be  sprayed  was  4  inches  square).  Care  was  taken  to  assure  that  the 
coupon  was  sprayed  uniformly  and  that  all  spray  impinged  on  the  coupon. 

4. 1.3.4  Number  of  Intervals.  The  1/4-inch  thick  coupons  were 
sprayed  for  40  ■'ntervals  before  each  experiment  was  terminated.  The  majority 
of  the  1/4-inch  coupons  reached  an  approximate  constant  weight  gain 
(+  0.1  g/spray)  after  35  intervals. 

The  1/2-inch  and  1-inch  coupons  were  sprayed  for  80  intervals 
before  each  experiment  was  terminated.  Although  fluid  penetration  through 
the  back  of  the  coupon  was  not  observed  after  spraying  some  of  the  1/2-inch 
and  most  of  1-inch  coupons  after  80  intervals,  a  comparison  between  experi¬ 
ments  was  still  possible. 
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4. 1.3. 5  Penetration  Time.  The  time  for  penetration  of  liquid  through 
the  coupon  was  determined  by  noting  a  wet  spot  on  the  back  of  the  coupon 
(usually  near  the  center  of  the  coupon}  away  from  any  areas  potentially  wetted 
by  seepage  around  the  coupon  (usually  only  observed  near  the  bottom  of  the 
coupon) . 


4. 1.3. 6  Material  Balances.  Attempts  were  made  to  perform  material 
balances  by  a  comparison  of  amount  of  liquid  applied  with  that  recovered 
during  each  experiment.  That  which  could  not  be  accounted  for  was  attributed 
to  the  following  reasons.  The  first  was  due  to  absorption  of  liquid  into  the 
concrete  coupon  which  accounts  for  approximately  1  percent  of  all  losses.  The 
second  was  from  unrecoverable  residual  liquid  in  the  catch  basin,  liquid 
droplets  on  the -shield,  and  errors  in  volume  measurement  which  accounted  for 
approximately  10  percent  of  all  losses.  The  other  losses  were  overspray  and 
evaporation  with  overspray  accounting  for  the  majority  of  liquid  loss. 

Because  of  the  losses,  the  total  amount  of  liquid  applied  during  an  experi¬ 
ment  was  measured  as  the  difference  between  the  initial  and  final  amount  of 
liquid  in  the  pressure  vessel.  In  some  experiments,  the  liquid  supply  in  the 
pressure  vessel  was  depleted  before  the  end  of  the  experiment.  In  such  cases, 
the  pressure  vessel  was  vented  to  ambient  pressure,  filled  with  a  measured 
quantity  of  liquid,  and  repressurized. 

4. 1.3. 7  Temperature/Relative  Humidity.  During  the  spray  exper¬ 
iments  and  evaporation  tests,  the  relative  humidity  was  found  to  vary  between 
30  and  40  percent  RH.  The  room  temperature  was  also  continuously  monitored 
and  found  to  vary  from  66  to  76  F.  The  room  air  velocity  was  neither 
measured  nor  controlled.  However,  similar  laboratory  conditions  were 
maintained  for  all  tests  (e.g.,  door  to  laboratory  open  at  all  times,  fume 
hoods  on  at  all  times,  etc.)  such  that  the  air  movement  velocity  at  the 
bench  top  was  nearly  the  same  for  all  tests. 


4.2  Discussion  of  Spraying  Experiments  Results 

The  results  of  the  spraying  experiments  are  discussed  in  the 
following  sections.  Actual  data  obtained  from  the  experiments  identified 
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in  Table  3  are  given  in  Battelle  Laboratory  Record  Books  Nos.  39109  and 
39265. 


4.2.1  Data  Analysis  Method 

During  the  spraying  experiments,  the  weight  change  of  the  coupon 
and  spray  time  were  monitored.  The  weight  change  of  the  coupon,  as  a  result 
of  spraying,  is  directly  related  to  the  degree  of  penetration  of  the  liquid 
and  is  also  related  to  the  saturated  weight  of  the  coupon.  To  lessen  the 
effect  of  a  varying  saturated  weight  (due  to  variations  in  the  porosity  of  the 
coupons)  and  to  give  a  more  accurate  representation  of  the  data,  the  weight 
gain  after  a  given  interval  (W^)  was  divided  by  the  saturated  weight  (W$Ay) 
minus  the  original  weight  (WQ). 

u 

Therefore  AW  =  i 

(WSAT"V 


The  weight  change  (AW)  was  then  plotted  versus  the  total  spray  time  AT.  It  is 
desired  to  maximize  the  weight  change  (AW)  while  minimizing  the  total  spray 
time  (AT)  since  the  total  spray  time  is  directly  proportional  to  material 
requirements  (amount  of  liquid  applied  and  amount  of  liquid  requiring 
recycle/disposal)  and  operating  requirements  (manhours).  As  such,  curves 
with  steep  slopes  (i.e.,  nearly  vertical)  represent  more  optimum  application 
conditions  than  curves  which  slope  only  slightly  (i.e.  nearly  horizontal). 

It  is  important  to  note  that  W^y  is  the  weight  of  the  coupon 
entirely  saturated  with  water.  Since  only  a  4  by  4  inch  section  of  the  5  by  5 
inch  coupon  was  sprayed,  a  AW  equal  to  (4x4)/(5x5)  =  0.64  represents  complete 
saturation  of  a  4  by  4  inch  section  of  the  coupon.  A  AW  greater  than  0.64 
indicates  that  the  liquid  diffused  in  the  direction  of  the  sides  of  the  coupon 
(i.e.,  perpendicular  to  the  spray  plane). 

4,2,2  Selection  of  Operating  Parameters 


The  following  sections  discuss  results  used  to  select  the  supply 
pressure,  the  nozzle  type,  the  coverage,  and  the  spray  cycle  interval. 
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TABLE  3.  PARAMETERS  VARIED  DURING  SPRAYING  EXPERIMENTS 


Experiment  Solution  Coupon' Coupon 

Number  Usedv8'  Porosity  Thickness 


Interval 

{min) 


Coverage 

(gal/ftVspriy) 


Pressure 

(PS'9) 


(a)  All  solutions  are  aaueous  based  except  Experiments  61  through  63  where  neat 
FREON  113  was  evaluated. 

(b)  H  *  High  Porosity,  l  s  Low  Porosity  all  14  day  cure  except  as  noted. 

(c)  C  3  Coarse  Spray,  P  *  Fine  Soray 


{d)  DMSO  *  Dimethyl  Sulfoxide 


153 


111-18 

4. 2. 2.1  Selection  of  Supply  Pressure  and  Nozzle  Type.  The  first 
parameters  to  be  considered  were  the  liquid  supply  pressure  and  the  nozzle 
type.  It  was  originally  believed  that  the  liquid  supply  pressure  and  nozzle 
type,  which  affect  spray  particle  si2e  and  force  of  spray,  would  act  inter¬ 
dependent^  and  would  have  a  large  effect  on  the  penetration  of  different 
decontaminating  solutions.  After  completion  of  several  experiments,  these 
parameters  were  found  to  have  a  much  less  effect  than  had  been  anticipated. 

Figure  5,  which  is  a  plot  of  AW  versus  AT  for  Experiments  25,  27, 
29,  and  31,  illustrates  the  effect  of  the  nozzle  type  and  the  liquid  supply 
pressure  by  comparing  experiments  that  have  identical  parameters  except  for 
nozzle  type  and  liquid  supply  pressure.  The  constant  parameters  for  this  set 
of  experiments  were: 

•  low  porosity  coupons 

•  1/4-inch  thick  coupons 

•  spray  solution  of  water 

•  one-minute  interval 

p 

•  coverage  of  0.05  gal/ft  /spray  =  0.006  gallons/spray* 

A  similar  set  of  data  obtained  from  Experiments  17,  18,  23,  and  24,  is 
given  in  Figure  6.  This  data  which  also  illustrates  the  effect  of  nozzle 
type  and  liquid  supply  pressure  involved  a  slightly  different  set  of 
constant  parameters  (high  porosity  coupons,  0.1  gal/ft  /spray  coverage). 

Based  on  the  data  given  in  Figures  5  and  6,  the  coarse  spray 
nozzle  operating  at  the  high  pressure  is  preferred  because  the  coupons 
achieved  a  more  rapid  weight  gain  as  compared  with  coupons  sprayed  with 
other  nozzle  type/supply  pressure  combinations.  As  a  result  of  the 
increased  rate  of  weight  gain  the  total  spray  time  is  minimized  which, 
in  turn,  minimizes  the  total  material  and  operating  requirements. 

The  time  the  spray  is  maintained  on  the  coupon  surface  during 
one  spray  cycle  (i.e.,  spray  time)  "is  also  minimum  for  the  coarse  spray/ 
high  pressure  combination.  For  example,  0.006  gallons  were  applied  in  about 
one  second  using  the  coarse  spray/high  pressure  combination  which  operated  at 
0.242  gpm.  The  same  amount  of  liquid  was  applied  in  about  3  seconds  using 
the  coarse  spray  low  pressure  combination  which  operated  at  0.113  gpm.** 

*  0.05  gal/ft  /spray  x  (4x4/144)  ft^  =  0.006  gallons/spray. 

**  (0.006  gall ons/0 . 113  gpm)  x  60  =  3  seconds. 

154 


1 1 1 -19 


it  a  1  Spray 

OF  NOZZI 
PRESSURI 


FIGURE  6.  EVALUATION  OF  SPRAY  NOZZLE  TYPE 

AND  SUPPLY  PRESSURE  (high  porosity  coupons) 
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Because  of  spray  time,  the  total  spray  cycle  interval  and  the 
total  liquid  applied  are  minimized,  the  coarse  nozzle  and  high  pressure 
were  selected  as  preferred  operating  paramters.  A  coarse  spray  nozzle  and 
100  psig  supply  pressure  were  used  for  all  subsequent  experiments. 

It  is  also  important  to  note  that  upon  comparison  of  Figure  5 
with  Figure  6,  the  same  general  trends  are  apparent  irregardless  of  the 
porosity  of  the  coupon. 

4.2. 2.2  Selection  of  Coverage.  A  coverage  is  a  measure  of  the 
amount  of  liquid  applied  to  a  specific  area  during  one  spraying.  Coverages 
of  0.05  and  0.1  and  0.5  gal/ft^/spray  were  evaluated.  Figure  7  illustrates 
the  effect  of  coverage  by  plotting  experiments  that  have  identical  para¬ 
meters  except  for  the  coverage.  The  constant  parameters  for  this  set  of 
experiments  were: 

«  low  porosity  coupons 

o  1/4-inch  thick  coupons 

•  spray  solution  of  water 

•  one-minute  interval 

•  low  pressure 

t  coarse  nozzle 

The  results  given  in  Figure  8,  also  illustrate  the  effect  of  coverage  using 
a  slightly  different  set  of  constant  parameters  (high  porosity  coupons, 
high  pressure) . 

From  Figures  7  and  8,  the  lowest  coverage  of  0.05  gal/ft2/spray  appears  to  be 
far  better  than  the  highest  coverage  of  0.5  gal/ft2/spray  but  only  marginally 
better  than  a  coverage  of  0.1  gal/ft2/spray.  These  results  indicate  that  a 
lower  coverage  gives  the  best  results  and  also  reflect  the  fact  that  there  is 
a  limit  below  which  a  reduction  of  coverage  would  not  enhance  penetration. 
The  lower  limit  is  probably  dependent  upon  the  evaporation  rate  of  the  liquid 
from  the  coupon. 


4. 2. 2. 3  Selection  of  Spray  Cycle  Interval.  When  selecting  the 
spray  cycle  interval,  the  mechanism  of  liquid  penetration  into  mortar  must  be 
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Experiment  11  (0.1  gal/fr/spray  coverage) 


FIGURE  7.  EVALUATION  OF  COVERAGES  (low  porosity  coupons) 
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FIGURE  8.  EVALUATION  OF  COVERAGES  (high  porosity  coupons) 
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considered.  The  penetration  of  a  sprayed  liquid  into  the  mortar  coupons 
occurs  during  two  different  periods.  The  first  and  most  obvious  is  while  the 
coupon  is  being  sprayed.  While  the  spray  is  impinging  upon  the  coupon,  the 
surface  of  the  coupon  is  completely  saturated  with  liquid  which  can  then 
penetrate  into  the  coupon.  The  second  penetration  period  occurs  between 
sprayings.  During  this  period  (referred  to  as  idle  time),  a  liquid  film  is 
still  present  on  the  surface,  so  the  penetration  of  the  liquid  into  the  mortar 
continues.  Penetration  of  the  liquid  can  continue  until  the  film  is  either 
completely  absorbed  and/or  evaporated. 

At  the  end  of  spray-cycle  intervals  of  one  minute,  the  surface 
liquid  film  is  still  relatively  thick.  Spraying  over  this  film  does  not 
enhance  penetration  and  is  a  waste  of  material  and  manpower.  At  the  end  of 
10-minute  spray  cycle  intervals,  the  surface  liquid  film  has  been  completely 
absorbed  and/or  evaporated.  Consequently,  the  preferred  interval  would  be 
one  in  which  the  next  spray  cycle  interval  starts  as  soon  as  the  surface 
film  disappears.  Based  on  these  observations,  the  most  desirable  interval 
would  be  somewhere  between  a  one-minute  and  ten-minute  interval. 

The  results  given  in  Figures  9  and  10  support  the  above  argument  by 
isolating  the  effects  of  interval  duration  (i.e.,  all  parameters  constant 
except  in  the  spray  cycle  interval).  Figure  9  is  a  plot  of  Experiments  27, 
33,  and  35  where  the  following  parameters  were  held  constant: 

•  1/4-inch  thick  coupon 

•  low  porosity  coupon 

•  water  solution 

•  0.05  gal/ft  /spray  coverage 

•  coarse  nozzle 

•  100  psig  liquid  supply  pressure 

The  results  given  in  Figure  10,  are  for  Experiments  28,  34,  and  36,  where  the 
same  parameters  listed  above  were  used  except  that  high  porosity  coupons  were 
tested.  In  both  Figures  9  and  10, the  five-minute  interval  was  shown  to  be 
better  than  either  the  one-minute  or  ten-minute  interval.  As  such,  a  5  minute 
interval  was  used  for  subsequent  experiments.  However,  it  is  important  to 
note  that  the  optimum  interval  is  believed  to  be  unique  to  the  type  of 
solution  and  the  porous  medium  (e.g  shorter  intervals  may  be  required  for 
volati le  solutions) 
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FIGURE  9.  EVALUATION  OF  INTERVALS 


Experiment  28  (1  minute  interval) 
Experiment  34  (10  minute  interval) 
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4. 2. 2. 4  Summary  of  Preferred  Operating  Parameters.  The  preferred 
operating  parameters  for  water-like  fluids  appear  to  be: 

Nozzle  Type  -  Coarse  spray 

Supply  Pressure-  100  psig  (6.8  atm) 

7  2 

Coverage  -  0.05  gal/ft  /spray  (2.0  liter/m  /spray) 

Interval  -  ~  5  minutes 

With  all  the  operating  parameters  selected,  the  different  water-based  decon¬ 
tamination  solutions  were  tested  using  these  parameters. 

4.2.3  Selection  of  Most  Effective  Aqueous  Solutions 

Seven  different  aqueous  solutions  from  three  groups  (water  alone, 
water-solvent  system  and  water-surfactant  system)  were  experimentally 
evaluated  for  their  ability  to  penetrate  concrete.  The  most  promising  of 

these  solutions  were  then  selected.  The  seven  candidate  aqueous  solutions  were 

•  Water 

•  Water-solvent  system  -  5  percent  acetone  in  water 

-  50  percent  acetone  in  water 

-  10  percent  DMSO*  in  water 

-  40  percent  DMSO  in  water 

•  Water-surfactant  system  -  0.1  percent  Triton  X-100**  non-ionic 

surfactant  in  water 

-  1.0  percent  Triton  X-100  non-ionic 
surfactant  in  water 

Results  of  these  spraying  experiments  are  shown  in  Figures  11  and  12. 

Figure  11  illustrates  experiments  which  evaluated  the  aqueous 
solutions  using  the  best  operating  parameters  described  in  Section  4. 2. 2. 4 
and  1/4-inch  low  porosity  coupons.  The  results  indicate  that  the  Triton 
X-100  solutions  gave  the  poorest  penetration  and  that  the  three  best  aqueous 
solutions  were  water,  5  percent  acetone  and  10  percent  DMSO.  These  were 

*  Dimethyl  Sulfoxide 

**  Alkyl  Phenoxy  polyethoxy  ethanol. 
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^Experiment  35  (water) 
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FIGURE  11.  EVALUATION  OF  AQUEOUS  SOLUTIONS 
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followed  by  50  percent  acetone  and  40  percent  DMSO.  Figure  12  illustrates 
experiments  identical  to  the  ones  given  in  Figure  11,  except  high  porosity 
coupons  were  used.  In  this  case  the  best  results  for  high  porosity  coupons 
were  achieved  with  10  percent  DMSO  followed  by  5  percent  acetone,  40  percent 
DMSO,  water,  and  50  percent  acetone,  respectively.  Considering  the  results 
in  both  Figures  11  and  12,  the  three  solutions  that  gave  the  best  penetration 
results  were  water,  5  percent  acetone,  and  10  percent  DMSO.  The  rankings 
of  all  solutions  are  shown  in  Table  4  along  with  their  corresponding  surface 
tension  and  viscosities.  An  interesting  trend  shown  in  Table  4  is  the  effect 
of  surface  tension  on  the  rate  of  penetration  of  liquid  into  mortar.  It 
appears  that  the  higher  the  surface  tension,  the  higher  the  rate  and  degree 
of  penetration.  As  such,  aqueous  solutions  with  high  surface  tensions  are 
favored  over  aqueous  solutions  containing  additives  which  lower  surface 
tension  (i.e.,  organic  solvents  or  surfactants).  In  contrast  to  the  effect 
of  surface  tension  on  penetration  rate,  a  similar  relationship  to  viscosity 
was  not  observed. 

A  factor  which  must  be  considered  before  the  most  effective 
solutions  can  be  selected  is  their  ultimate  use.  Task  4,  Subtask  3  efforts* 
have  focused  on  solubilizing  explosives  with  aqueous  solutions  (i.e.,  water/ 
surfactant,  water/DMSO,  water/acetone).  Results  from  these  efforts  indicate 

1)  surfactants  do  not  markedly  affect  the  solubility  (rate  and  degree)  and 

2)  organic  co-solvents  such  as  DMSO  or  acetone  increase  the  solubility  if 
present  in  water  in  relatively  high  concentrations  (about  50  percent).  Thus, 
because  surfactants  neither  increased  the  penetration  rate  into  mortar  nor 
caused  a  marked  increase  in  the  solubility  of  explosives;  aqueous  solution 
containing  surfactants  were  eliminated  from  further  consideration.  Because 
low  concentrations  of  organic  corsolvents  do  not  markedly  increase  the  solu¬ 
bility  of  explosives  in  water,  the  10  percent  DMSO  and  5  percent  acetone 
aqueous  solutions  were  eliminated  from  further  consideration.  Although  the 
penetration  rate  into  mortar  is  compromised,  high  concentrations  of  DMSO  or 
acetone  in  water  are  required  for  improved  explosive  solubility.  Further 


*  A  related  program  focusing  on  explosive  decontamination. 
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Data  Source:  Manufacturers  data  sheets  and  CRC  Handbook  ot  chemist 
53rd  Edition,  1972.  Reference  temperatures  are  between  20  and  25C. 
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testing  of  solutions  related  to  explosive  decontamination  was  limited  to  the 
following  aqueous  solutions: 

•  Water 

•  50  percent  acetone/water 

•  40  percent  DMSO/water 

4.2.4  Effect  of  Coupon  Thickness  on  Penetration  Rates 

Three  coupon  thicknesses  [h,  h  and  1  inch)  were  used  to  investigate 
the  effect  of  coupon  thickness  on  penetration  rates.  The  following  solutions 
were  evaluated: 

•  Aqueous  Solutions  -  water  alone 

-  50  percent  acetone/water 

-  40  percent  DMSO/water 

•  FREON  113 

•  50  percent  MEA  in  water* 

4. 2. 4.1  Aqueous  Solutions.  The  results  from  experiments 
using  water  are  given  in  Figure  13.  The  effect  of  coupon  thickness  on 
penetration  rate  was  determined  in  these  experiments  by  using  the  best 
operating  parameters,  all  three  coupon  thicknesses,  40  percent  DMSO/water 
experiments  and  the  50  percent  aceton/water  experiments  in  Figures  14  and 
15,  respectively. 

If  all  three  figures  are  considered  simultaneously,  it  is  obvious 
that  the  rate  of  penetration  is  the  fastest  for  the  1/4-inch  coupons  followed 
by  1/2-inch,  then  1-inch  coupons.  In  general,  the  rate  of  penetration  is  also 
more  rapid  for  high  porosity  coupons  than  for  low  porosity  coupons  of  the  same 
thickness. 

A  possible  explanation  for  the  effect  of  coupon  thickness  on  the 
penetration  rate  is  as  follows.  As  the  thickness  of  a  porous  material 
increases,  the  path  through  which  a  fluid  travels  from  one  side  of  the 

MEA  =  Monoethanol  amine  -  a  candidate  CW  agent  decontamination  solution. 
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Experiment  36  (It  inch,  high  porosity 
Experiment  35  (It  inch  low  porosity) 
Experiment  52  (>»  inch  high  porosity) 
Experiment  51  (•*  inch,  low  porosity) 


EFFECT  OF  COUPON  THICKNESS  ON  PENETRATION  OF  WATER  INTO  MORTAR 


0  Experiment  42  {h  inch,  high  porosity) 
^  Experiment  64  (4  inch,  high  porosity) 
•  Experiment  41  inch,  low  porosity) 
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FIGURE  14.  EFFECT  OF  COUPON  THICKNESS  ON  PENETRATION  OF  40  PERCENT  DMSO/WATER  INTO  MORTAR 
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material  to  the  other  becomes  more  tortuous  due  to  an  increased  path  length. 
In  a  heterogeneous  material  such  as  concrete,  paths  through  the  pore  structure 
may  also  be  blocked  such  that  the  number  of  paths  which  allow  travel  com¬ 
pletely  through  the  material  are  reduced.  An  increased  path  length  which  is 
more  tortuous  and  contains  blocked  pores  would  tend  to  decrease  the  pene¬ 
tration  rate  as  was  shown  experimentally.  It  is  important  to  note  that  pores 
inaccessible  to  the  decontaminating  solution  as  a  result  of  blockage  would 
also  be  inaccessible  to  the  agent  or  explosive  containment. 

4. 2. 4. 2  FREON  113.  Attempts  made  to  spray  FREON  113  on  1/4-inch 
high  and  low  porosity  mortar  coupons  failed.  The  weight  gain  from  FREON 
adsorption  was  impossible  to  measure  because  the  FREON  113  would  evaporate 
from  the  coupon  before  the  coupon  could  be  weighed.  The  application  of  FREON 
113  by  the  spraying  method  does  not  appear  feasible  and,  a*  such,  further 
experiments  involving  spraying  FREON  113  were  not  performed. 

4. 2. 4. 3  MEA  Solution.  Spraying  tests  were  conducted  using  a 
50  percent  aqueous  solution  of  MEA,  a  candidate  CW  agent  decontaminant.  The 
results  of  the  Experiments  64  through  69  using  high  and  low  porosity  coupons 
of  1/4-inch,  1/2-inch,  and  1-inch  thickness  are  shown  in  Figure  16. 
Comparison  of  Figure  16  with  Figures  13,  14  and  15  indicates  the  same  general 
trends  prevail  for  the  aqueous  MEA  solution  as  for  the  other  water-organic 
solutions. 

4.2.5  Comparison  of  Experimental  Data  with  Capillary  Flow  Theories 

The  experimental  data  was  compared  with  theoretical  equations  which 
predict  the  rate  of  movement  of  fluids  through  porous  media  to  determine  if  a 
correlation  exists.  One  such  equation  is  the  Washburn  equation^1-.  This 
equation  considers  capillary  action  as  the  driving  force  in  penetrating  a 
horizontal,  cylindrical  capillary  (simulating  the  pores  within  mortar).  The 
depth  of  penetration  is  given  as: 


,  2  _  T  t  y  cos 9  g 

V 
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GURE  16.  EFFECT  OF  COUPON  THICKNESS  ON  PENETRATION  OF  50  PERCENT  MEA/WATER  INTO  MORTAR 


where 


L  =  depth  of  penetration  (cm) 

T  =  tortuosity  of  the  porous  material  =  1/6  for  many  porous 

materials  (  £  =  porosity)  (Reference  2) 
t  -  time  (sac) 

y  =  surface  tension  of  liquid  decontaminant  (dyne/cm) 

6  =  contact  angle  (the  angle  of  contact  is  small  for  most 

liquids.  Therefore,  it  is  assumed  that  C0S©=  1.) 

Tj  =  viscosity  of  the  liquid  (cp) 

2 

g  -  1  gm  cm/dyne  sec 

The  above  equation  can  be  used  to  calculate  a  theoretical  time  of  penetration 
of  a  1/4  inch  (0.635  cm)  mortar  coupon  by  water  as  follows: 

(0.635)2  =  5.4*  «  t  »  ■’2  »  1  x  1 

1.0 

t  =  0.001  seconds 

Because  this  calculated  time  is  much  less  than  the  experimental 
time  (about  15  minutes  for  penetration  in  Experiment  18),  the  Washburn 
equation  is  not  applicable  to  such  a  complex  material  such  as  mortar. 

Another  theory  which  repor  tedly  predicts  the  rate  of  moisture  move¬ 
ment  in  a  porous  medium  is  the  water  absorption  law^: 

AW  =  AA  T* 

where  AW  =  mass  of  water  absorbed 
A  =  constant 
AT  =  t  i  me 

Because  this  equation  is  used  to  predict  unsaturated  flow,  only  the  experi¬ 
mental  absorption  rates  of  the  1-inch  coupons  ano  the  first  few  sprayings  of 
the  1/2-inch  and  1/4-inch  tests  can  be  compared.  A  plot  of  AW  versus  AT5 
using  experimental  data  obtained  in  spraying  of  1  inch  mortar  coupons  with 

*  Porosity  of  coupon  used  in  experiment  18  is  18.6  percent.  Thus,  6  = 
1/0.186  =  5.4. 


water  is  presented  in  Figure  17  •  As  shown,  the  relationships  are  initially 
linear  but  diverge  from  linearily  as  the  mortar  becomes  more  saturated. 
Figure  17  also  shows  a  dependence  of  the  penetration  rate  on  the  coupon 
porosity  since  the  data  does  not  fall  on  a  single  curve.  Porosity  is  not 
taken  into  account  in  the  water  absorption  law. 

Anotner  variable  which  affects  the  penetration  rate  but  is  also  not  included 
in  the  water  absorption  law  is  the  surface  tension.  Thus  a  correlation  repre¬ 
senting  the  rate  of  penetration  of  a  liquid  into  mortar  should  include  terms 
for  at\  the  surface  tension  (  T  )  and  the  coupon  porosity  (£)  as  follows: 

AW  =  AAT*6  +  Bt  +  C6 
where  A,  B  and  C  are  constants. 

Further  efforts  are  required  to  determine  the  constants  A,  B  and  C  such  that 
the  experimental  dat_.  ubtained  from  spraying  various  liquids  on  mortar  can  be 
integrated  into  one  correlation. 
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ilication  Conclusions 


Results  from  the  spraying  experiments  indicate  that: 
a  the  penetration  rate  of  liquid  into  mortar  increases 
with  an  increase  in  porosity; 
a  the  penetration  rate  of  liquid  into  mortar  increases 
with  an  increase  in  the  surface  tension  of  the 
liquid.  As  such,  surfactants  which  lower  the  surface 
tension  (e.g.,  Triton  X-100)  should  not  be  used  when 
decontaminating  concrete; 

a  trends  are  independent  of  the  porosity  of  the  coupon; 

a  an  increase  in  the  coupon  thickness  caused  a  decrease 

in  the  penetration  rate,  presumably  because  of  an 
increase  in  path  length  through  the  coupon  and  an 
increase  in  blocked  pores  inaccessible  to  the 
solution; 


FIGURE  17.  CORRELATION  OF  EXPERIMENTAL  DATA  (WATER/1 -INCH  COUPON) 
WITH  THE  WATER  ABSORPTION  LAW 
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t  application  of  aqueous  solutions  (e.g.,  water, 
water/co-solvents  (e.g.,  DMSO,  acetone)  and  water/ 

MEA)  by  spraying  is  feasible  if  the  depth  of  contami¬ 
nation  is  less  than  1/2  to  1  inch; 

•  application  of  liquid  FREON  113  by  spraying  does  not 
appear  feasible. 

The  following  parameters  are  preferred  for  application  of  a  liauid  to 
concrete. 

•  Spray  nozzle  type  -  coarse  sized  water  particles 

t  Supply  pressure  -  100  psig  (6.8  atm) 

7  2 

t  Coverage  -  0.05  gal/ft.  /spray  (2.0  1  iter/m  /spray) 

e  Spray  cycle  interval  -  about  5  minutes  (lower  times 
may  be  required  for  solutions  of  volatile  solvents). 

The  above  parameters  will  be  used  for  subsequent  decontamination  experiments 
involving  liquid  decontaminants  in  both  Tasks  3  and  4.  The  parameters  will 
also  be  used  as  the  bcsis  for  engineering/economic  analyses  if  a  liquid 
decontaminant  concept  survives  the  exp. rimental  screening  procedures. 


5.0  NH3  DIFFUSION  EXPERIMENTS 

The  NHg  gaseous  diffusion  experiments  were  undertaken  to  determine 
the  rate  of  diffusion  of  NH^  gas  (candidate  decontaminant  for  6B,  VX  and  HD) 
through  mortar  coupons. 

5.1  Description  of  Diffusion  Experiments 
5,1.1  Diffusion  Apparatus 

The  NH^  diffusion  apparatus  is  illustrated  in  Figure  18.  The 
apparatus  consisted  of  two  chamber  halves,  between  which  a  mortar  coupon  was 
placed.  0-rings  and  bolts  between  the  chamber  halves  served  to  seat  the 
coupon  firmly  in  place.  The  NH^  side  of  the  chamber,  through  which  a  flow  of 
NHg  gas  was  maintained,  included  a  propeller  which  enhanced  mass  transfer  of 
NH,  from  the  bulk  gas  phase  to  the  coupon  surface.  A  nitrogen  flow  was 
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maintained  through  the  N2  side  of  the  chamber.  The  nitrogen  flow  from  the 
chamber  was  passed  through  an  acidic  solution  containing  phenolphthalein 
indicator.  The  acid  solution  served  to  absorb  any  NH^  that  had  diffused 
through  the  coupon.  A  fritted  glass  sparger  and  magnetic  stirrer  were  used  to 
disperse  the  nitrogen  stream  into  small  bubbles  to  aid  absorption  of  the  NH^ 
into  the  solution.  On  the  NHj  side,  a  HjSO^  solution  absorbed  any  excess  NH^ 
flow  to  prevent  venting  of  NH^  up  the  hood. 

A  mercury  manometer  was  used  to  measure  the  pressure  differential 
across  the  coupon.  Rotameters  were  used  to  measure  the  NH^  and  flow  rates. 

5.1.2  Test  Variables/Data 


In  the  gaseous  diffusion  tests,  only  the  coupon  thickness  (1/4,  1/2 
or  1  inch)  and  mortar  type  (high  or  low  porosity)  were  varied.  All  other 
parameters  such  as  the  N2  flow  rate  and  supply  pressure,  the  NH^  flow  rate  and 
supply  pressure;  and  the  propeller  speed  were  maintained  relatively  constant 
throughout  the  experiments. 

5.1.3  Test  Procedure 


In  the  gaseous  diffusion  experiments,  a  concentration  of  NH3  near 
100  percent  was  maintained  on  the  NH^  side  of  a  mortar  coupon  by  continuously 
flowing  NH^  through  one  side  of  the  chamber.  NHj  which  had  diffused  through 
the  coupon  was  continuously  removed  by  a  nitrogen  purge  stream  thereby  main¬ 
taining  the  NHj  concentration  on  the  N2  side  of  the  mortar  coupon  near  zero 
percent.  The  nitrogen  purge  was  passed  through  water  containing  pheno¬ 
lphthalein.  The  water  was  acidified  with  a  known  amount  of  H^SO^.  The  rate 
and  total  amount  of  NH.-  diffusing  through  the  coupon  were  determined  by  noting 
the  time  required  to  neutralize  the  acid  solution  containing  the  known  amount 
of  acid.  Thus,  the  NH^  which  had  diffused  through  the  coupon  was  used  to 
directly  titrate  the  acid  solution. 

The  following  procedure  was  used  in  conducting  the  NH^  diffusion 
experiments: 

1.  Select  and  record  coupon  number,  thickness  {k,  h.  or  1 
inch)  and  porosity  (high  or  low) 
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2.  Place  coupon  between  chamber  halves  and  bolt  chamber 
halves  together 

3.  Prepare  absorber  solutions  as  follows: 

-  NHj  side:  add  about  100  to  150  ml  of  concen¬ 
trated  HgSO^  to  about  900  ml  of  tap  water 

-  side:  add  several  drops  of  phenolphthalein 
solution  to  400  ml  of  de-ionized  water 

4.  Start  N2  flow  at  about  2  scfh  at  a  supply  pressure  of 
about  5  to  10  psig 

5.  Start  propel ler 

6.  Start  NH^  flow  at  a  flow  of  about  1.3  scfh. 

7.  Mote  time  when  Ng  side  absorption  solution  turns  a 
faint  pink  in  color  (initial  breakthrough  of  NHg) 

8.  Replace  N~  side  absorption  solution  with  fresh 
solution  containing  about  400  ml  of  de-ionized  water, 
several  drops  of  phenolphthalein  solution  and 
1.000  ml  of  0.100  N  I^SO^  solution  (H^SO^  solution 
measured  by  pipet) 

9.  Repeat  steps  7  and  8  increasing  the  amount  of  spiked 
H2S04  as  required 

10.  Terminate  experiment  when  two  to  three  consecutive 
solutions  containing  the  same  quantity  of  0.1  H^SO^ 
require  the  same  time  period  to  turn  a  faint  pink  in 
color 

11.  Monitor  pressure  differential  across  chamber  halves, 

NH^  flow  rate,  flow  rate  and  time  throughout  the 
experiment 

12.  At  completion  of  experiment  turn  off  NH^  flow  and 
purge  NH^  side  of  chamber  with  dry  nitrogen. 

A  variation  in  the  above  procedure  was  required  in  Experiment  9 
involving  the  one  inch  thick,  lew  porosity  coupon.  It  was  necessary  to  stop 
the  ammonia  and  nitrogen  flows  several  times  during  the  experiment  because  of 
the  duration  of  the  experiment  (i.e.,  Experiment  9  required  about  75  hours  to 
reach  approximate  steady-state  conditions).  When  the  experiment  was  stopped 
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and  the  system  allowed  to  stand  over-night,  the  gas  flows  were  stopped,  inlet 
and  outlet  valves  on  both  the  ammonia  side  and  the  nitrogen  side  were  closed. 
On  the  following  morning,  the  flows  were  re-started  and  sampling  was  initiated 
after  the  nitrogen  side  was  purged  (about  15  minutes). 


5.2  Discussion  of  NH.,  Diffusion  Results 

The  results  of  the  NH^  diffusion  experiments  are  discussed  in  the 
following  sections.  Actual  data  obtained  from  the  experiments  are  given  in 
Battel le  Laboratory  Recordbooks  Nos.  39109  and  39265. 

Eleven  ammonia  diffusion  experiments  were  conducted  in  the  test 
apparatus  shown  in  Figure  18.  Penetration  of  the  coupons  by  ammonia  was 
achieved  in  all  of  the  experiments.  Times  for  the  ammonia  gas  to  penetrate 
mortar  coupons  (1/4,  1/2  and  1  inch  thick  of  low  and  high  porosity),  times 
to  reach  approximate  steady-state  conditions  and  effusion  rates*  were 
obtained. 

5.2.1  Data  Analysis  Method 


During  the  diffusion  experiments,  the  rate  of  which  ammonia  gas 
effused  from  one  side  of  a  mortar  coupon  was  determined-  The  effusion  rate 
was  calculated  from  the  time  required  for  a  known  amount  of  acid  to  be 
neutralized  by  the  effused  ammonia.  For  example,  in  Experiment  4  ,  eight 
minutes  were  required  for  a  solution  containing  owe  mL  of  0-1  N  sulfuric  acid 
to  be  neutralized  (solution  turned  a  faint  pirn  in  the  presence  of  phenol- 
phthalein  indicator).  The  effusion  rate  was  then  calculated  as  follows. 


*  The  effusion  rate  is  the  rate  by  which  the  arnmcmia  gas  was  emitted 
from  the  coupon  on  the  side  opposite  to  that  subjected  tc  100  Bercerrt 
ammonia  gas.  At  steady-stat®  conditions,  the  effusion  rscs*  of 
from  the  coupon  equals  the  rate  of  diffusion  of  thronas  the  coupon. 
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NH^  in  sample  (millimoles) 


Effusion  rate  (millimoles/min) 


Nonnality  of  sulfuric  acid  x 
mL  spiked 

0.1  x  1  =  0.1  millimoles 
millimoles  NH^/sample  time 
0.1/8  =  0.0013 


The  time  required  to  reach  approximate  steady-state  conditions  was  determined 
by  comparison  of  the  effusion  rates  from  two  to  three  consecutive  samples. 
Steady  state  was  assumed  when  the  effusion  rates  for  the  two  consecutive 
samples  were  essentially  the  same. 

The  effusion  rate  was  determined  over  a  particular  sampling  period 
during  an  experiment.  Hence,  a  knowledge  of  the  total  amount  of  ammonia  which 
had  effused  from  the  coupon  up  to  the  start  of  the  particular  sampling  period 
is  not  required.  As  such,  incomplete  data  obtained  from  experiments  which  ran 
overnight  were  still  applicable. 

5.2.2  Diffusion  Results 


Results  of  the  diffusion  experiments  are  illustrated  in  Figure  19 
(1/4  inch  coupons).  Figure  20  (1/2  inch  coupons)  and  Figure  21  (1  inch 
coupons).  Analysis  of  the  plots  indicate  that  the  time  to  penetration,  the 
effusion  rate,  and  the  time  to  reach  steady-state  increased  with  either  an 
increase  in  coupon  thickness  and/or  a  decrease  in  coupon  porosity.  This  trend 
is  further  illustrated  by  ranking  of  the  various  coupons  in  relation  to  the 
steady-state  effusion  rate.  The  ranking,  in  order  of  highest  to  lowest 
effusion  rate,  is  as  follows. 

1/4"  -  high*  >1/2"  -  high  >1/4"  -low  >1"  -high  >1/2"  -  low>  1"  -  low 


*  Denotes  porosity  as  determined  by  the  water/cement  ratio  used  to  prepare 
the  coupons  (see  Section  3.2). 
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FIGURE  20.  NEL  DIFFUSION  RESULTS  -  1/2-INCH  COUPONS 


DIFFUSION  RESULTS  -  1- INCH  COUPONS 
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A  summary  of  the  results  abstracted  from  Figures  19  through  21  is 
given  in  Table  5.  Also  shown  in  Table  5  are  experimentally  determined 
porosities  of  the  coupons  used  in  each  test  and  the  average  pressure  differential 
between  the  ammonia  anc  nitrogen  sides  of  the  chamber  recorded  during  each 
test.  The  pressure  differential  values  indicate  that  the  ammonia  gas  was 
diffusing  against  a  pressure  gradient  in  most  of  the  experiments.*  As  such, 
the  results  obtained  in  these  experiments  may  have  yielded  slightly  conser¬ 
vative  effusion  rates  and  penetration  times. 

Experimental  results  from  the  spraying  experiments  indicate  that 
the  complexity  of  the  pore  structure  in  mortar  appears  to  be  dependent  on  the 
thickness  of  the  coupon  tested  (see  Section  4. 2. 4.1).  The  pore  matrix  appears 
to  become  more  complex  as  the  thickness  of  the  coupon  is  increased.  This 
trend  is  also  apparent  on  analysis  of  the  data  obtained  from  the  ammonia 
diffusion  tests.  Figure  22,  a  plot  of  the  steady-state  effusion  rate  versus 
coupon  thickness,  indicates  that  the  steady-state  effusion  decreases  in  pro¬ 
portion  to  coupon  thickness.  If  complexity  of  the  pore  matrix  is  not  a 
factor,  then  similar  steady-state  effusion  rates  should  be  observed  for 
coupons  of  similar  porosity  and  plots  of  the  effusion  rate  versus  coupon 
thickness  should  yield  nearly  horizontal  curves.  This  is  in  contrast  to  the 
experimental  curves  shown  in  Figure  22. 

Thus,  when  extrapolating  the  results  obtained  during  these  experi¬ 
ments  to  field  concrete  matrices,  it  is  important  to  consider  not  only  the 
porosity  of  the  concrete  but  also  the  water/cement  ratio  used  to  prepare  the 
concrete  and  the  thickness  of  the  concrete. 

5.2,3  Comparison  of  Experimental  Data  with  Diffusion  Theories 

Two  approaches  may  be  used  to  calculate  the  steady-state  diffusion 
rate  of  ammonia  through  concrete.  In  the  first  method,  the  mean  free  path  of 

*  A  positive  pressure  gradient  (i.e.  pressure  higher  on  the  ammonia  side 
than  on  the  nitrogen  side)  was  observed  in  the  first  half  of  Experiment 
1  due  to  the  back  pressure  caused  by  the  sparger  on  the  ammonia  side 
NH-  absorption  flask.  Removal  of  the  sparger,  which  did  not  affect 
the  results,  allowed  the  use  of  a  decreased  NH^  supply  pressure.  This 
in  turn,  reduced  the  pressure  differential.  J 
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TABLE  5.  SUMMARY  OF  EXPERIMENTS  FOR  THE  MEASUREMENT  OF  THE  DIFFUSION  RATE  OF  NH3  THROUGH  MORTAR  COUPONS 


(a)  A  negative  sign  indicates  the  pressure  on  the  nitrogen  side  of  the  chamber  was  higher  than  the  pressure  on 
the  ammonia  side  of  the  chamer. 

(b)  Experiment  5  was  unsuccessful  because  of  a  crack  in  the  mortar  coupon. 


FIGURE  22.  EFFECT  OF  COUPON  THICKNESS  ON  THE  EFFUSION 
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the  gaseous  molecule  and  the  average  pore  size  of  the  solid  are  considered. 

In  the  second  method  an  effective  diffusivity  is  estimated  using  the  porosity 
of  the  solid 


5.2.3. 1  Steady-State  Diffusion-Method  1  The  diffusion  of  gases 
through  solids  is  dependent  upon  the  diameter  of  pores  or  capillaries  in  the 
solid.  The  average  pore  diameter  will  determine  the  type  of  diffusion  process 
occurring  (i.e.  Knudsen,  molecular  or  transition  Region  diffusion)  as 
follows. 


The  type  of  diffusion  process  can  be  determined  by  comparing  the 
mean  free  path  (X)  of  the  gas  molecules  with  the  average  pore  diameter  (d)  of 
the  solid.  If  X/d  >10,  then  the  diffusion  is  in  the  Knudsen  regime.  If 
X/d<0.015  then  the  diffusion  is  in  the  molecular  regime.  Values  of  X/d 
between  0.01  and  10  indicate  the  diffusion  process  is  in  the  transition 
regions. 

The  mean  free  path,  which  is  the  average  distance  a  molecule  travels 
before  it  collides  with  another  molecule,  is  given  by: 

X  -  ./  -a— 

P  V  2"9c  M 

Where,  for  NH^, : 

M  =  17  gm/gm-mole 
R  =  84,780  gm-force  cm/  gm-mole  K 
gc  =  980  gm  cm/gm  force  sec 
P  =1  atm  -  1033.2  gm  force/cm^ 

T  =  25c  =  298  K 
V  =  1,006  x  10"^  poise 

Solving  gives  X=  4.84  x  10”®cm. 

Well-cured  concrete  specimens  have  been  reported  to  contain  gel 
pores  having  a  mean  diameter  about  0.4  x  10”®  inch  connecting  larger  capillary 
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pores.  It  is  assumed  that  the  mortar  specimen  used  in  the  diffusion  tests 
have  an  average  pore  diameter  of  about  1  x  10  cm.  Thus,  X/d  =  4.8 
indicating  the  diffusion  process  is  in  the  transition  regime.  It  can  be  shown 
that  the  following  equation  applies  for  transition  regime  equimolar  counter 
diffusion: 


m  =  PA(Xa?  -  XA1 )  _ i _ 

*  RT  (Z2  -  Zj)  X  (1/0#B  .  1/0KA) 

Where 

Na  =  diffusion  rate  of  NH^  (gm-mole/sec) 

P  =1  atm 

XA2  =  1  (  100  percent  NHj  on  ammonia  side  of  the  coupon) 
=  0  (0  percent  NHg  on  nitrogen  side  of  the  coupon) 
A  *  Area  of  coupon  exposed  to  ammonia 
=  81.07  cnr  (4  inch  diameter  circle) 

R  =  82.057  cm3  atm/gm-mole  K 

T  =  298  K 

cm  (1/4  inch) 

D^g  =  0.230  cm^/sec  (Reference  4) 

D,^  =  9.7  x  103  (d/2)  y  T(K)/M 

=  0.020  cm2/sec 


Solving  gives  N  =  9.6  x  10"3  gm-mole/sec.  Experimental  steady-state 
«  -6 

diffusion  rates  ranged  from  7.6  x  10  gm-moles/sec  (Experiment  4)  to  2.2  x 
IQ'7  gm-moles/sec  (Experiment  9).  Thus,  the  theoretical  diffusion  rate  is  one 
to  two  orders  of  magnitude  larger  than  the  experimentally  determined 
diffusion  rate. 


5. 2. 3. 2  Steady-State  Diffusion  -  Method  2.  A  second  approach  which 
can  be  used  to  calculate  a  diffusion  rate  for  ammonia  through  concrete 
molcules  is  the  use  of  Ficks  law  and  an  effective  diffusivity  as  follows. 
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Picks  Law  N  =  AD  f  , 

a  eff  dZ  RT  dZ 

Where 

P.  =  partial  pressure  of  ammonia  (atm) 

M 

n  f ,  =  effective  diffusivity 
eft 


Ficks  law  can  be  integrated  to  give 
Na  =  AiPA  DPff 

RT  (Z2-Z1) 


Where  PA  «  difference  in  partial  pressure  of  ammonia  across  the  coupon  = 
(1  atm-0)  -  1  atm 


can  be  expressed  as  follows: 


T 


i 


% 


i 


< 


i 


Where  e  =  Porosity 

t  =  Tortuosity  =  1/c  (Reference  2) 


The  data  from  Experiment  1  inserted  into  the  above  equations  yields: 

81.07  cm^  x  1  atm  x  3.1  x  10”^  cm^/sec 

N,  =  - - - -  - - - - 

a  82.057  cmJ  atm/gm-mole  K  x  298  K  x  0.635  cm 


N  =  1.6  x  10~5  gm-mole/sec 

a 
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This  compares  with  an  experimental  value  of  0.136  milligram  moles/min  =  2.3  x 
10  gm  mole/sec.  Thus,  the  theoretical  equation  yields  diffusion  rates  one 
order  of  magnitude  higher  than  experimentally  determined.  Ficks  law  may  be 
modified  to  represent  experimental  data  if  a  factor  of  0.1  is  applied.  The 
resulting  equation,  assuming  =  1  and  T  =  298K,  is  as  follows: 

2  -6 

Na  (gmmoles  NH,/cm^  sec)  =  — — 2—^ - 

J  Sample  thickness  (cm) 

If  the  use  of  ammonia  gas  is  selected  as  a  candidate  method  for  CW  decon¬ 
tamination  field  testing,  then  this  equation  may  be  used  as  a  first  approxi¬ 
mation  of  the  steady-state  diffusion  rate  of  ammonia  into  concrete. 


i 

5.3  NH^  Application  Conclusions 

Results  from  the  ammonia  diffusion  experiments  indicate  that: 

*  •  application  of  ammonia  gas,  a  candidate  CW  agent 

decontaminant, to  concrete  matrices  greater  than  one 
inch  deep  appears  feasible; 

•  the  magnitude  of  the  diffusion  rate  is  dependent  upon 
the  porosity  and  thickness  of  the  sample  (i.e.,  the 
diffusion  rate  increases  with  an  increase  in  the 
porosity  but  decreases  with  depth; 

•  the  steady-state  diffusion  rate  of  ammonia  through 
mortar  can  be  approximated  with  a  correlation  con¬ 
taining  factors  for  porosity  and  thickness  of  the 
sample. 

i  Data  obtained  from  the  ammonia  diffusion  experiments  will  be  used 

in  subsequent  subtasks  in  Task  3  if  further  testing  (beyond  the  prescreening 
performed  in  Subtask  3)  of  the  decontamination  effectiveness  of  ammonia  gas 
is  required. 

> 
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6.0  CONSTANT  CONTACT  EXPERIMENTS 

The  constant  contact  experiments  investigated  the  rate  of  penetra¬ 
tion  of  a  liquid  into  mortar  under  conditions  of  method  of  fluid  application 
different  from  the  spraying  method.  The  constant  contact  method  continuously 
subjected  the  surface  of  the  mortar  coupon  to  the  decontaminating  solution. 
As  such,  the  application  of  a  decontaminant  in  the  form  of  a  foam  or  gel  can  be 
simulated  by  the  constant  contact  method.  The  knowledge  gained  from  the 
constant  contact  experiments  will  help  to  determine  the  conditions  needed  to 
decontaminate  concrete  sumps  using  liquid  decontaminants. 


6.1  Description  of  Constant  Contact  Experiments 

6.1.1  Constant  Contact  Apparatus 

The  constant  contact  apparatus,  shown  in  Figure  23,  was  designed  to 
maintain  a  constant  liquid  -  solid  interface  on  one  side  of  the  test  coupon 
while  leaving  the  other  side  open  for  monitoring  the  appearance  of  moisture. 
Other  design  considerations  were 

•  keeping  the  hydrostatic  head  as  small  as  possible, 

•  closely  monitoring  the  level  of  liquid  with  the  level 
indicator, 

•  accurately  measuring  the  amount  of  liquid  added  by 
using  a  buret  to  add  liquid, 

•  keeping  losses  due  to  evaporation  from  the  chamber  to 
a  minimum  by  making  all  openings  in  the  chamber  as 
small  as  possible 

•  utilizing  a  coupon  holder  configuration  similar  to 
the  one  used  for  the  gaseous  diffusiun  experiments. 

6.1.2  Test  Variables/Data 

In  the  constant  contact  experiments,  only  the  coupon  thickness 
(1/4,  1/2  or  1  inch),  mortar  type  (high  or  low  porosity)  and  test  solutions/ 
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solvents  were  varied.  All  other  parameters  conditions  such  as  level  of  liquid 
in  the  chamber  were  maintained  relatively  constant  for  all  experiments  (e.g. 
ambient  room  temperature  and  humidity). 

6.1.3  Test  Procedure 


A  mortar  coupon,  fully  cured  and  equilibrated  to  ambient  room  condi¬ 
tions,  was  placed  in  the  experimental  apparatus.  The  chamber  was  then  filled 
with  solution  or  solvent  and  the  time  recorded.  As  liquid  from  the  housing 
was  absorbed  into  the  mortar,  make-up  liquid  was  added  to  the  housing  through 
a  buret  to  maintain  a  constant  liquid  level  in  the  housing.  The  time  when 
solution  or  solvent  was  first  detected  on  the  dry  side  of  the  test  coupon  was 
recorded.  The  experiment  was  continued  until  approximatly  by  a  steady-state 
flow  through  the  mortar  coupon  was  achieved. 

The  following  are  more  detailed  steps  in  the  procedure  used  when 
conducting  the  constant  contact  experiments: 

1.  Select  and  record  solution,  coupon  thickness  [h,  h  or 
1")  and  coupon  porosity  (high  or  low) 

2.  Record  initial  coupon  weight 

3.  Install  coupon  in  apparatus 

4.  Fill  apparatus  and  buret  with  selected  solution 

5.  Record  starting  time  and  buret  reading 

6.  When  liquid  level  falls  below  the  mark  on  the  liquid 
level  indicator  attached  on  the  side  of  the  chamber, 
refill  to  the  mark  and  record  the  time  and  the  buret 
reading 

7.  Record  time  from  start  of  the  experiment  to  the  time 
of  the  latest  addition  of  solution  and  amount  of 
solution  added 

8.  Repeat  the  steps  6  and  7  until  the  rate  of  liquid 
added  is  constant 

9.  Note  when  breakthrough  occurs  and  the  approximate 
percent  coverage  of  wet  surface. 
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6.2  Discussion  of  Constant  Contact  Results 


The  results  of  the  constant  contact  experiments  are  discussed  in 
the  following  sections.  Actual  data  obtained  from  the  experiments  are  given 
in  Appendix  D  and  Battelle  Laboratory  Recordbooks  Nos.  39109  and  39265. 

The  constant  contact  experiments  involved  continuous  exposure  of 
one  surface  of  mortar  coupons  to  a  decontaminating  solution.  There  is  a 
significance  difference  between  the  spraying  and  constant  contact  methods. 

In  spraying,  a  film  of  liquid  is  formed  on  the  surface  from  which  liquid  is 
drawn  into  the  pores  of  concrete  through,  primarily,  capillary  action.  In 
contrast,  liquid  in  the  constant  contact  method  is  also  forced  into  the 
pores  by  a  hydrostatic  pressure  gradient  and  Darcy's  Law  becomes  the  primary 
mechanism  by  which  liquid  enters  the  pores. 

6.2.1  Data  Analysis  Method 


The  primary  data  recorded  during  the  constant  contact  experiments 
was  the  volume  of  solution  added  to  the  apparatus  (AV)  over  a 
period  of  time  (AT).  AV  represents  the  quantity  of  solution  that  penetrated 
into  the  coupon,  evaporated  from  the  filling  port  of  the  test  apparatus  (minor 
amount)  and/or  evaporated  from  the  coupon  after  complete  penetration  was 
achieved.  A  direct  measurement  of  the  coupon  weight  change  versus  time  as  was 
done  in  the  spraying  tests  was  not  possible  because  of  the  configuration  of 
the  constant  contact  apparatus.  When  the  data  was  analyzed  to  determine 
penetration  rates,  evaporation  was  neglected  when  the  rate  data  (AV  versus  AT) 
limited  to  the  initial  stages  of  the  experiment  ( i . e . ,  prior  to  complete 
penetration  of  the  coupon).  After  complete  penetration  was  achieved,  1 
analysis  of  the  data  to  determine  a  steady-state  rate  becomes  difficult 
because  evaporation  was  assumed  to  affect  the  penetration  rate. 

6.2.2  Constant  Contact  Results 


Sample  curves  of  AV  versus  AT  for  the  experiments  involving 
1/4  inch  low  and  high  porosity  coupons  are  shown  in  Figure  24  and  25, 
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•  Experiment  2  (Mater) 
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respectively.  Similar  curves  (see  Appendix  D)  were  obtained  for  the  other 
types  of  coupons  (1/2  and  1  inch  low  and  high  porosity).  Figures  24  and  25 
indicate  that  the  initial  rate  of  penetration  is  approximately  the  same  for 
all  solutions  after  which  time  the  rates  tend  to  diverge.  It  appears  that  the 
divergence  of  the  rates  may  be  caused  by  evaporation  effects.  For  example, 
the  divergence  of  the  FREON  and  50  percent  acetone  rates  from  the  water, 
40  percent  GMSO  and  50  percent  MEA  curves  may  be  due  to  the  high  evaporation 
rates  of  'REON  and  acetone  from  the  coupons.  Evaporation  test  results  (see 
Section  7.2)  indicate  that  for  high  porosity  coupons,  FREON  and  50  percent 
acetone  have  the  highest  evaporation  rates  of  the  solutions  tested. 


A  summary  of  the  penetration  rates  during  the  initial  stages  of  each 
experiment  and  the  time  required  for  the  liquid  to  completely  penetrate  the 
coupon  are  shown  in  Table  6.  It  was  initially  anticipated  that  more  rapid 
penetration  times  and  higher  rates  would  be  observed  for  the  constant  contact 
experiments  than  for  the  spraying  experiments.  However,  an  analysis  of  the 
data  indicates  that  similar  results  were  obtained.  A  comparison  of  the  data 
from  the  spraying  and  constant  contact  experiments  involving  water  40  percent 
DMSO,  and  50  percent  acetone  solutions  using  1/4  inch  coupons  is  given  in 
Table  7.  The  data  indicates  that  the  time  required  for  the  liquid  to 
penetrate  mortar  coupons  was  less  in  the  constant  contact  experiments  than  in 
the  spraying  experiments.  However,  the  weight  gained  by  the  coupons  was 
nearly  identical  over  the  same  time  period  for  the  two  application  methods. 
As  such,  the  constant  contact  method  offers  no  distinct  advantages  over  the 
spraying  method.  Moreover,  the  use  of  a  gel  or  foam  to  hold  the  liquid  in 
place  may  reduce  the  penetration  rate  below  that  observed  in  the  constant 
contact  experiments  because  of  additional  diffusional  limitations  imposed  on 
the  liquid  by  the  gel  or  foam  matrix. 

A  possible  reason  for  the  unexpectedly  low  effectiveness  of  the 
constant  contact  experiments  is  as  follows.  Several  tests  were  performed  in 
which  coupons  were  totally  immersed  in  water.  Upon  immersion,  bubbles  began 

forming  at  the  pore  openings  at  the  surface  of  the  coupon.  The  bubbles  may 
have  created  an  air  interface  at  the  pore  openings  which  prevented  and/or 
limited  the  penetration  cf  liquid.  Although  bubble  formation  during  the 
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SUMMARY  OF  RESULTS  FROM  "ONSTANT  CONTACT  EXPERIMENTS 
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(a)  L  =  Low  porosity,  H  =  High  porosity 

(b)  The  exact  penetration  time  was  not  determined. 


TABLE  7.  COMPARISON  OF  RESULTS  FROM  SPRAYING  AND  CONSTANT 
CONTACT  EXPERIMENTS 
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spraying  experiments  may  also  occur,  any  bubbles  which  may  have  formed  would 
have  been  displaced  from  the  surface  by  the  force  of  the  spray. 

In  gel  or  foam  applications,  such  bubble  formation  would  reduce  the 
effectiveness  below  that  observed  for  the  constant  contact  method  due  to  the 
need  for  displacement  of  the  bubbles  not  only  from  the  concrete  pores  but  also 
from  the  gel  or  foam.  Because  the  constant  contact  method  offers  no  distinct 
advantages  over  the  spraying  method,  gel  or  foam  application  of  liquid  decon¬ 
taminants  to  concrete  materials  is  not  recommended  for  further  evaluation. 
However,  decontamination  of  concrete  sumps  or  pipes  may  be  accomplished  by  the 
constant  contact  method.  In  this  case,  agitation  would  be  beneficial,  since  it 
would  cause  displacement  of  the  bubbles  which  impede  the  penetration  of  liquid 
into  the  pores. 


6.2.3  Comparison  of  Experimental  Data  with  Pressure  Gradient  Theory 

The  results  from  the  constant  contact  experiments  may  be  correlated 
with  Darcy's  law  given  as: 


Q  ■  KA  (H/L) 

where  Q  =  flow  rate  of  liquid  through  porous  media 

K  =  coefficient  of  permeability  for  each  media~ 

A  =  cross-sectional  area 
L  =  length  of  diffusion 
H  =  head  of  the  liquid 

From  the  recorded  data,  the  flow  rate  of  liquid  through  the  coupon, 
cross-sectional  area,  and  the  length  of  diffusion  were  calculated.  The  head 
of  liquid  was  taken  as  the  average  head  of  liquid  on  the  coupon  (about 
6.35  cm). 

The  experimental  permeabi 1 i lty  coefficients  (K),  determined  for  the 
1/4  inch  coupons,  are  given  in  Table  8.  The  literature  review  indicated  that 
the  permeability  coefficient  for  water  ranges  from  3  x  10"^  cm/sec  to 


3  x  10"®  cm/sec 


(5) 


The  experimental  values  for  the  aqueous  solutions  shown 


in  Table  8  fall  within  this  range,  although  towards  the  upper  limit. 
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6.3  Constant  Contact  Application  Conclusions 

Results  from  the  constant  contact  experiments  indicate  that: 

•  Application  of  a  liquid  decontaminant  to  porous 

materials  by  the  use  of  gels  or  foams  does  not  appear 
as  preferable  as  a  spray  application  because  of  mass 
transfer  limitations  created  by  displacement  of  air 
within  the  pore  matrix  by  the  liquio  decontaminant; 

•  decontamination  of  concrete  sumps  by  the  constant 

contact  method  will  be  enhanced  by  the  use  of 

agitation. 

Further  efforts  on  the  constant  contact  method  are  not  required. 

7.0  EVAPORATION  EXPERIMENTS 

Facility  decontamination  involving  a  liquid  based  decontaminant 
must  consider  the  evaporation  rate  of  the  liquid  from  concrete  following  the 
treatment.  It  is  necessary  to  determine  whether  or  not  supplemental 
procedures  are  required  during  decontamination  (e.g.,  ventilation  or  a 
secondary  treatment  to  remove  the  excess  decontaminant). 

7.1  Description  of  Evaporation  Experiments 

The  evaporation  rate  was  determined  as  follows.  The  evaporation 
tests  were  carried  out  by  simulating  single  surface  evaporation  such  as  would 
be  present  when  treating  concrete  walls  and  floors  in  the  field.  To  further 
simulate  in-field  application,  the  coupons  used  in  the  tests  were  ones  that 
had  previously  been  used  in  the  spraying  experiments. 

The  procedure  used  is  as  follows: 


•  Record  weight  of  sprayed  coupon 

•  Place  coupon,  sprayed  side  up,  on  a  neoprene  rubber 
sheet  and  record  time 
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•  Record  weight  and  time  at  intervals  between  one  hour 
and  one  day* 

•  Stop  experiment  when  coupon  is  near  original  weight. 

7.2  Discussion  of  Evaporation  Results 

Evaporation  rates  were  obtained  for  40  percent  DMSO/water, 

50  percent  acetone/water,  FREON  113,  and  50  percent  MEA  water.  Both  low  and 
high  porosity  mortar  coupons  were  used  in  the  tests.  Figures  26  and  27  show 
the  weight  loss  due  to  evaporation  for  low  and  high  porosity  coupons, 
respectively.  In  these  figures,  AW  represents  a  normalized  weight  given  by 
the  expression: 

■  (VWo  )  'KatAI 

where  Wt  =  weight  of  coupon  at  each  weighing  period 
W0  =  dry  weight  of  the  coupon 
^SAT*  saturated  weight  of  the  coupon 

The  curves  indicate  that  the  evaporation  rate  of  all  of  the  aqueous  solutions 
was  low  enough  such  that  evaporation  will  have  little  effect  on  the  appli¬ 
cation  of  liquid  by  the  spraying  method.  FREON  113,  however,  evaporated 
rapidly  from  the  coupon.  The  high  evaporation  rate  was  confirmed  in  the 
spraying  experiments  involving  FREON  113.  In  these  experiments,  the  coupons 
achieved  substantially  no  weight  gain  from  absorption  of  the  FREON  113  even 
after  repeated  sprayings.  Thus,  in  depth  decontamination  of  concrete  by  the 
spray  application  does  not  appear  feasible.  It  may  become  feasible  if  a  high 
vapor  partial  pressure  of  FREON  113  is  maintained  in  the  building  being  decon¬ 
taminated.  This  would  necessitate  the  use  of  either  remotely  operated 
sprayers  or  self-contained  breathing  apparatuses;  both  of  which  are  dis¬ 
advantages. 


*  The  interval  depended  on  the  solution  tested. 
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After  decontamination  is  complete,  it  appears  that  the  evapora¬ 
tion  rate  of  most  aqueous  based  decontaminants  is  sufficiently  rapid  such 
that  supplemental  procedures  to  remove  the  decontaminant  may  not  be  required. 

8.0  CONCLUSIONS/RECOMMENDATIONS 


General  conclusions  drawn  from  an  analysis  of  the  experimental 
data  obtained  during  this  study  are  as  follows: 

•  The  application  of  liquid  decontaminants  to  concrete 
by  spraying  appears  feasible  if  the  depth  of  pene¬ 
tration  of  the  contaminant  does  not  exceed  1/2 
to  1  inch; 

•  sufficient  experimental  data  was  generated  such 
that  liquid  and  recycle  requirements,  application 
times,  and  prel  imi nary  equipment  requirements  necessary 
for  an  economic  analysis  can  be  determined; 

•  application  times  and  steady-state  rates  for  the 
constant-contact  method  were  obtained; 

•  The  penetration  rate  is  not  increased  by  maintaining  a 
standing  liquid  decontaminant  on  a  porous  surface  as 
compared  with  periodic  spraying  of  the  same  decontami- 


application  times  for  decontamination  of  CW  agent- 
contaminated  concrete  structure  with  ammonia  gas 
were  determined; 

preliminary  experimental  data  was  generated  to  aid 
specification  of  Phase  III  pilot  scale  starting 
conditions  for  the  most  promising  chemical  decon¬ 
tamination  concepts  if  an  aqueous  solution  is 
selected  from  Phase  II  studies; 

experience  gained  on  the  application  of  candidate 
decontaminants  to  mortar  will  facilitate  analysis 
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of  subsequent  mortar  coupon  decontamination  experi¬ 
ments  in  both  Tasks  3  and  4  as  well  as  future  field 
experiments. 

8.1  Extension  of  Results  to  Field  Decontamination 

The  primary  concern  in  extending  the  experimental  results  obtained 
in  this  subtask  to  field  decontamination  efforts  is  the  representativeness 
of  mortar  coupons  used  in  this  study  in  relation  to  real  world  concrete 
structures.  Factors  which  must  be  considered  to  determine  this  relation¬ 
ship  include  1)  the  coupon  porosity,  2)  the  presence  of  aggregates  and 
3)  the  chemical  composition.  These  factors  are  discussed  as  follows. 

Coupons  of  both  a  high  and  a  low  porosity  were  selected  for  experi¬ 
mental  evaluation.  The  porosities  were  selected  to  be  within  the  range 
of  reported  values  for  commercial  concrete.  The  high  porosity  was  near 
the  upper  range  of  reported  values  and  the  low  porosity  was  near  the  lower 
range.  Analysis  of  the  experimental  data  indicates  that  similar  results 
(i.e.,  trends  in  the  data)  were  observed  for  coupons  of  the  two  different 
porosities  evaluated  under  the  same  set  of  conditions.  The  only  apparent 
difference  between  the  results  obtained  for  each  of  the  two  porosity  'levels 
is  that  penetration  rates  increased  and  penetration  times  decreased  when 
the  porosity  increased.  Also,  data  was  generated  to  determine  the  magni¬ 
tude  of  this  effect  of  porosity  on  liquid  and  gas  penetration.  Thus,  based 
on  the  experimental  data  and  the  use  of  coupon  porosities  which  are  within 
the  range  of  commercial  values,  it  appears  that  extension  of  the  results 
to  field  concrete  structures  can  be  performed  in  so  far  as  the  porosity 
i s  concerned. 

A  primary  difference  between  the  coupons  used  in  this  subtask 
and  commercial  concrete  is  the  lack  of  aggregate  in  the  mortar  coupons. 
Aggregate,  typically  used  to  add  bulk  and  strength  to  mortar,  was  not  used 
in  the  coupons  because  of  size  limitations  discussed  in  Section  3.1.  Factors 
which  must  be  considered  when  determining  the  effect  of  the  presence  of 
aggregate  on  the  results  obtained  with  mortar  coupons  include: 
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•  Typical  aggregate  (e.g.,  granite)  is  relatively 
impermeable  (to  both  contaminent  and  decontaminent) ; 

•  limestone  aggregate  (less  typical)  has  a  porosity 
similar  to  the  mortar  used  in  the  experiments, 

•  aggregate  pores  which  form  between  the  aggregate  and 
cement  matrix  are  of  comparable  size  to  air  pores  in 
mortar  (see  Appendix  A). 

Thus,  although  the  presence  of  aggregates  may  affect  the  overall  porosity  of 
the  material,  it  is  anticipated  that  similar  trends  wilt  be  observed  in  field 
tests  on  commercial  concrete  as  were  observed  in  the  laboratory  tests  with 
mortar. 

The  chemical  composition  and  method  used  to  prepare  the  coupons  was 
similar  to  that  of  commercial  mortar.  Commercial  grade  sand,  cement  and  water 
were  used  and  established  mortar  preparation,  casting  and  curing  procedures 
were  followed  as  closely  as  possible.  Although  the  exact  chemical  composition 
and  preparation  method  can  vary  from  site  to  site,  it  is  anticipated  that  the 
effect  of  composition  on  the  trends  observed  in  this  study  will  be  nominal. 

Thus,  the  mortar  coupons  used  in  this  experimental  study  appear 
representative  of  commercial  concrete  and,  as  such,  similar  trends  should  be 
observed  when  field  concrete  decontamination  tests  are  performed. 
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APPENDIX  A 
CONCRETE  PROPERTIES* 

The  ability  of  a  porous  material  such  as  concrete  to  be  penetrated 
by  a  chemical  decontaminant  is  related  to  the  material  properties  of  the 
concrete,  including  the  porosity  and  the  pore  matrix.  The  pore  matrix  (i.e., 
pore  size  distribution  and  pore  type)  will  determine  the  physical  method  by 
which  the  chemical  decontaminant  penetrates  concrete  (e.g.,  Knudsen  gas 
diffusion  versus  bulk  gas  diffusion).  The  porosity  (i.e.,  volume  fraction  of 
voids)  is  a  determining  factor  of  the  rate  by  which  the  chemical  decon¬ 
taminants  penetrate  into  concrete.  More  rapid  penetration  by  the  chemical 
occurs  as  the  porosity  of  concrete  increases.  Because  the  porosity  of  commer¬ 
cial  concrete  can  vary  from  about  5  to  20  volume  percent,  a  wide  range  of 
penetration  rates  is  possible  for  a  given  decontaminant. 

Concrete  consists  of  aggregate,  cement  and  water.  Aggregate  can  be 
further  classified  as  fine  particles  less  than  one-quarter  inch  and  coarse 
particles  larger  than  one-quarter  inch.  Aggregate,  the  inert  portion  of 
concrete,  is  generally  impermeable.  Its  primary  contribution  is  to  add  bulk 
and  strength  to  concrete.  In  contrast  to  aggregate,  the  cement  and  water 
affect  the  porosity  and  ultimate  pore  matrix  of  concrete.  The  mechanism  by 
which  the  cement  and  water  affect  the  porosity  of  concrete  can  be  determined 
by  analyzing  the  concrete  preparation  process  as  follows. 

When  concrete  is  poured,  it  consists  of  aggregate,  cement,  water 
and  entrained  air.  During  curing,  the  cement  reacts  with  water  to  form  a 
hydrated  gel.  As  the  gel  forms,  it  expands  and  fills  the  voids  created  from 
reaction  of  the  water.  Because  the  hydrated  gel  has  a  larger  bulk  volume  than 
the  unhydrated  cement  and  the  water,  essentially  all  of  the  bulk  volume  can  be 
filled  with  the  hydration  products  when  the  water  to  cement  (W/C)  ratio  is 
favorable  (i.e.,  about  a  0.4  W/C  ratio).  When  the  water  to  cement  ratio  is 

*  From  "Significance  of  Tests  and  Properties  of  Concrete  and  Concrete 
Aggregates",  ASTM  Special  Technical  Publication  No.  169,  1956. 
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high,  all  of  the  water  does  not  react  and,  as  such,  the  bulk  volume  is 
incompletely  filled  by  the  hydrated  gel.  The  remaining  water  is  readily 
evaporated  from  the  interconnected  pores  at  relative  humidities  below  about 
40  percent. 

The  interconnected  pores  formed  by  evaporation  of  excess  water  are 
termed  capillary  pores.  The  hydration  gel,  which  expands  into  the  capillary 
pores,  is  also  capable  of  holding  evaporable  water.  This  water,  when 
evaporated,  leaves  pores  termed  as  gel  pores.  The  gel  pores  constitute 
approximately  25  percent  of  the  bulk  volume  of  the  hydration  products.  As  the 
W/C  ratio  decreases,  the  volume  of  gel  pores  increases  while  the  volume  of 
capillary  pores  decreases. 

Another  factor  which  contributes  to  increasing  the  formation  of  gel 
pores  while  decreasing  the  amount  of  capillary  pores  is  the  curing  time.  As 
curing  time  increases  more  gel  pores  are  formed.  The  gel  pores,  which  inter¬ 
connect  the  capillary  pores,  restrict  the  movement  of  water  because  of  their 
smaller  size.  As  such,  water  is  retained  longer  allowing  an  increase  in  the 
time  to  react.  Restricted  movement  of  water  is  illustrated  by  reports  that 
drying  time  increases  with  an  increase  in  cure  time*. 

The  remaining  types  of  pores  include  air  voids  and  aggregate  pores. 
Air  voids  are  caused  by  air  entrained  in  the  initial  poured  mixture. 
Aggregate  pores  are  formed  by  voids  formed  between  the  hydrated  gel  and  the 
aggregate. 

A  summary  of  the  various  pore  types  follows: 

-5  -4 

•  Capillary  pores  -  5x10  to  5x10  inches  in  diameter 
(1  to  10  pm)  -  a  total  of  1  to  5  percent  of  total 
volume  of  concrete 

•  Gel  pores  -  about  10'^  inch  (about  0.01  pm)  -  a  total 
of  about  4  to  8  percent  of  total  volume  of  concrete 

t  Air  voids  -  about  5x10"^  to  0.1  inch  (about  0.01  to 
2500  pm)  -  a  total  of  about  one  to  10  percent  of 
total  volume  of  concrete. 

•  Aggregate  pores  -  about  5x10'^  to  5x10"^  inches  (10 
to  1000  pm). 


*  Hughes,  B.P.,  Lowe,  I.R.G.  and  Walker,  J.  Brit.  J.  Appl .  Phys.  17_,  1545-52 
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COUPON  PREPARATION 

The  spraying,  diffusion  and  constant  contact  experiments 
utilized  5  inch  by  5  inch  test  coupons  composed  of  a  mixture  of  water, 
cement  and  sand  (i.e.  mortar).  Both  low  porosity  and  high  porosity  mortar 
coupons  were  prepared  in  order  to  more  closely  simulate  the  variety  of 
concretes  which  can  be  found  in  the  field.  Three  coupon  thicknesses  (1/4 
inch,  1/2  inch  and  1  inch)  were  fabricated  of  each  the  low  porosity  and 
high  porosity  mortar.  The  thicknesses  were  specified  to  allow  acquisition 
of  data  in  a  realistic  time  frame  and  to  allow  the  effect  of  mortar 
thickness  on  the  application  method  to  be  determined. 

The  preparation  method  for  the  mortar  coupons  considered  the 
type  of  mold  used  to  cast  the  coupons,  the  formulation  of  the  mortar 
mixture,  and  the  curing  procedure. 


B.l  Hold  Type 

The  casting  molds  were  specified  with  the  following  considera¬ 
tions: 

•  A  mold  with  a  very  smooth  surface  was  required  to  which  the 
cast  coupons  would  not  adhere.  The  use  of  a  parting  compound 
such  as  oil  was  not  used  because  of  probable  contamination  of 
the  coupon  surface.  As  such,  the  molds  were  made  from 
PLEXIGLAS. 

a  Reusable  molds  were  required  because  of  the  requirement  of  a 
large  quantity  of  coupons  for  the  tested  (over  100). 
PLEXIGLAS  molds  fulfilled  this  requirement. 

a  Warpage  of  the  coupon  was  minimized  by  casting  the  coupons  in 
a  vertical  orientation. 

The  molds,  shown  in  Figure  B-l,  were  assembled  by  the  following  procedure. 
Each  divider  was  stood  on  end  and  the  spacers  were  placed  in  such  a  way 
that  the  holes  through  the  dividers  and  spacers  lined  up.  The  bolts  were 

217 


III-B-3 

inserted  and  the  wing  nuts  were  tightened  so  contact  was  made  with  the 
dividers.  Five  dummy  coupons  were  inserted  along  the  first  row  of  spacers 
and  the  adjacent  bolts  tightened.  This  process  was  repeated  until  there 
was  a  5-inch  gap  between  each  spacer.  The  bottom  piece  was  then  attached 
by  tightening  the  six  screws  into  pretapped  holes  in  the  dividers  on  the 
ends  (three  holes  in  each  divider).  Modeling  clay  was  then  placed  in  the 
crack  between  the  bottom  piece  and  the  dividers  to  prevent  water  from 
leaking  from  the  bottom  of  the  mold. 

After  the  molds  were  completely  assembled,  lines  were  drawn 
using  a  permanent  ink  marker  on  the  top  edge  of  the  mold  through  the 
dividers  and  spacers.  These  lines  were  used  to  ensure  each  piece  could  be 
placed  in  its  original  position  after  the  molds  were  taken  apart. 


B.2  Mortar  Mixture 


Concrete  is  composed  of  a  mixture  of  mortar  (water,  cement  and 
sand)  and  aggregate.  The  ratios  of  each  of  these  components  is  dependent 
on  the  desired  consistency  and  quality  of  the  concrete  as  well  as  the 
quality  of  the  ingredients.  It  is  important  to  note  that  the  quality  of 
the  cement,  sand  and  aggregate  varies  from  location  to  location. 

The  standard  procedure  used  to  specify  the  ratio  of  components 
in  concrete  is  to  first  determine  the  desired  quality  of  the  concrete,  for 
example  2500  pound  concrete,  3000  pound  concrete,  etc.  The  quality  along 
with  the  unique  properties  of  the  aggregate,  sand  and  cement,  fix  the 
aggregate  to  sand  to  cement  ratio.  Water  is  added  to  the  mixture  to  obtain 
the  desired  workability  (related  to  the  ultimate  use  of  the  concrete).  In 
this  study,  deviations  from  this  standard  procedure  were  made  by  first 
specifying  the  water  to  cement  ratio  and  then  specifying  the  amount  of  sand 
added.  The  reasons  for  these  deviations  are  as  follows. 

It  was  anticipated  that  the  porosity  of  the  coupon  would  affect 
the  results  of  the  application  methods  (i.e.,  spraying,  diffusion,  and 
constant  contact).  Because  the  porosity  of  concrete  used  in  the  field  can 
vary  substantially,  both  high  porosity  and  low  porosity  coupons  were  pre¬ 
pared.  The  exposure  of  coupons  of  different  porosities  to  identical  test 
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conditions  would  allow  the  effect  of  porosity  on  the  application  method  to 
be  determined.  As  such,  the  feasibi lity  of  the  method  as  applied  to  a  wide 
range  of  concrete  types  can  be  established. 

The  water  to  cement  { W/C)  ratio  has  been  shown  to  have  the 
greatest  effect  on  determining  the  porosity  of  concrete.  Two  W/C  ratios 
were  selected  -  1)  a  0.4  W/C  for  a  low  porosity  material  and  2)  a  0.6  W/C 
for  a  high  porosity  material.  Once  the  W/C  ratio  was  fixed  the  proportion 
of  sand  was  determined  experimentally  by  preparation  of  trial  batches.  The 
proportion  of  sand  determined  the  workability  of  the  mixture  and  subse¬ 
quent  properties  of  the  coupon.  If  the  cement  to  sand  ratio  is  too  high 
the  mixture  will  be  too  wet  and  segregation  will  occur.  If  the  cement  to 
sand  ratio  is  too  low  the  mixture  will  be  too  dry  and  the  sample  will  have 
an  excess  of  air  voids.  The  water  to  cement  to  sand  ratio  for  the  low 
porosity  mortar  was  determined  to  be  0.4:1  : 1 .6  respectively,  and  for  the 
higher  porosity  mortar  was  0. 6:1:3,  respectively. 

No  aggregate  was  used  in  the  coupons.  This  should  not  affect  the 
representativeness  of  the  coupon  in  relation  to  commercial  concrete 
because  aggregate  is  typically  either  impermeable  or  as  permeable  as  the 
mortar  (mixture  of  cement,  water  and  sand).  Moreover,  when  casting 
concrete,  the  largest  size  particle  must  be  less  than  one-third  the  size  of 
the  smallest  dimension  of  the  mold.  If  aggregates  larger  than  this  are 
used,  the  aggregate  particles  will  clump  together  resulting  in  the 
formation  of  large  voids  in  the  mold.  The  smallest  dimension  of  the 
coupons  is  1/4  inch.  Thus,  aggregate  of  (1/4)  x  (1/3)  =  1/12  inch  should 
be  used  (equivalent  to  sand). 

The  procedure  used  to  prepare  the  mortar  coupons  was  as  follows. 
Each  high  porosity  batch  contained  the  following: 

•  750  grams  water  -  tap  water 

•  1250  grams  cement  -  Portland  Type  I 

•  3750  grams  sand  -  minus  10  sieve  size  fraction,  Fidley  -400 
concrete  sand 
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Each  low  porosity  batch  contained  the  following: 

•  700  grams  water 

t  1750  grams  cement 

•  2800  grams  sand 

The  mixing  procedure  was  as  follows: 

-  Water,  sand,  and  cement  were  weighed  to  the  nearest  gram. 

-  The  water  was  poured  in  a  mixing  bowl. 

-  The  cement  was  added  and  was  immersed  in  the  water. 

-  The  mixture  was  allowed  to  stand  for  one  minute  to  allow  the 
water  to  wet  the  cement. 

-  The  mixture  was  mixed  on  low  speed  for  one-half  minute 
(Hobart  Model  A-120  mixer). 

-  The  sand  was  added  over  a  period  one-half  minute,  while 
leaving  the  mixer  on. 

-  Mixing  was  continued  for  one-half  minute. 

-  The  mixer  was  turned  off  and  the  mixture  was  allowed  to  stand 
for  one  and  a  half  minutes. 

-  The  mixture  was  then  mixed  on  medium  speed  for  one  and  a  half 
minutes. 

At  this  point,  the  mortar  was  ready  to  be  cast  in  the  mold.  The  mixing 
paddle  was  removed  and  the  mortar  was  quickly  poured  into  the  molds  located 
on  a  laboratory  vibrating  table.  The  vibration  of  the  table  assured  that 
all  the  cavities  of  the  mold  were  completely  filled.  When  the  mold  was 
filled,  the  table  was  turned  off  and  the  excess  mortar  was  scraped  off  the 
top  of  the  mold  ensuring  the  tops  of  the  coupon  were  not  disturbed.  The 
vibrating  table  was  turned  back  on  for  approximately  10  seconds  and  to 
completely  fill  all  the  cavities  in  the  mold.  Overflow  mortar  was  wiped 
from  the  sides  of  the  mold  with  a  damp  cloth  and  the  mold  was  loosely 
covered  with  aluminum  foil.  The  entire  mold  was  then  placed  in  a  foq  room 
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(72  F,  100  percent  relative  humidity.  After  24  hours  in  the  fog  room,  the 
mold  was  removed  and  disassembled.  The  individual  coupons  were  then  placed 
back  in  the  fog  room  to  cure.  The  coupons  were  laid  flat  on  screens  in  the 
fog  room  to  allow  exposure  of  most  of  the  surfaces  to  100  percent  relative 
humidity. 


B.3  Curing 

Curing  is  the  reaction  of  cement  with  water  to  form  a  hydrated 
gel.  The  recommended  curing  period  is  28  days;  however,  due  to  time 
limitations  and  because  properties  of  mortar  (e.g.  porosity)  do  not  sub¬ 
stantially  change  after  a  14  cure,  a  14  day  cure  was  used  for  most  of  the 
coupons. 

After  curing,  the  coupons  were  removed  from  the  fog  room  and  all 
excess  moisture  was  removed  from  the  coupon  surfaces  by  wiping  with  a  damp 
cloth.  Each  coupon  was  numbered,  weighed  and  placed  in  a  constant  tempera¬ 
ture/humidity  room  (72  F  and  50  percent  +  2  percent  relative  humidity)  for 
equilibriation.  The  coupons  were  stood  on  their  edge  in  the  room  to  expose 
the  most  surface  area  possible.  Every  two  days,  the  weights  of  the  even-, 
numbered  coupons  were  recorded.  When  the  weight  loss  was  less  than  0.1  g, 
the  coupons  were  considered  dry  and  ready  for  use.  Typically,  5  to  7  days 
were  required  to  reach  a  constant  weight. 
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APPENDIX  C 

POROSITY  TEST  METHODS 


The  procedure  used  to  perform  the  porosity  tests  was  taken  from  ASTM 
Method  C  642,  "Standard  Test  Method  for  Specific  Gravity,  Absorption,  and 
Voids  in  Hardened  Concrete".  Three  measurements  are 
required  to  determine  the  percent  voids  (i.e.,  porosity)  in  concrete: 

•  Oven-Dry  Weight  (A)  -  Oven-dry  for  24  hours  at 

212-230  F. 

•  Immersed  Weight  (B)  -  Weigh  suspended  in  water  after 
boiling  and  cooling  submersed  in  water. 

•  Saturated  Weight  After  Boiling  (C)  -  boil  submersed 
specimen  for  five  hours,  allow  to  cool  to  room 
temperature,  remove  surface  moisture,  and  weigh  in 
air. 

These  three  weights  are  used  to  determine  percent  volume  of  permeable  pore 
space  (void  percent)  by  the  following  equation 

Void,  *  *  x  100 

(C-B) 

This  ASTM  procedure  was  designed  for  concrete  cylinders,  cores,  or 
beams  which  weigh  over  800  grams.  Since  the  samples  used  in  this  Subtask  were 
smaller  and  had  a  geometry  of  a  rectangular  solid  with  a  much  higher  surface- 
to-volume  ratio,  it  was  believed  that  boiling  for  a  period  less  than  five 
hours  would  suffice.  This  was  tested  by  boiling  three  samples  for  two  hours, 
cooling,  wiping  residual  surface  moisture,  weighing  and  taking  an  immersed 
weight.  Then,  the  same  three  samples  were  reboiled  for  five  hours,  allowed  to 
cool, surface  moisture  wiped  off,  the  coupon  weighed  and  an  immersed  weight 
taken.  The  average  difference  between  the  immersed  weights  of  the  same  coupon 
was  0.08  percent  and  the  average  difference  between  the  saturated  weights  of 
the  same  coupon  was  0.08  percent.  Based  on  these  results,  the  porosity  tests 
were  conducted  by  boiling  coupons  for  two  hours.  It  was  also  felt  that  taking 
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an  oven-dried  weight  was  not  necessary  because  an  oven-dry  weight  would  give 
the  total  void  space  of  a  coupon  which  is  completely  dry  and  not  typical  of 
what  would  be  found  in  field  applications.  Since  a  value  for  the  voids 
available  for  moisture  penetration  in  a  sample  equilibrated  to  ambient 
humidity  was  more  typical  of  this  program's  needs,  the  oven-dry  weight  was 
replaced  with  the  equilibrium  weight. 

The  modified  ASTM  procedure  is  as  follows: 

•  Record  equilibrium  weight  (A) 

•  Boil  submersed  coupons  for  two  hours  and  allow  to 
cool  to  room  temperature  while  submersed  -  about  72- 
77  F 

•  Suspend  in  water  and  record  immersed  weight  (B) 

•  Surface-dry  boiled  samples  with  damp  towel  and  record 
saturated  weight  (C) . 

Use  following  ASTM  equation  as  a  measure  of  porosity. 

Percent  Voids  *  x  100  % 

C-B 
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CONSTANT  CONTACT  DATA 


Results  from  constant  contact  experiments  involving  1/2  and  1  inch, 
low  and  high  porosity  coupons  are  shown  in  Figures  D-l  through  D-4.  Constant 
contact  data  are  shown  in  the  following  pages. 
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CONSTANT  CONTACT  TEST  RESULTS  (1/2-INCH  LOW  POROSITY  COUPONS) 


FIGURE  D-2.  CONSTANT  CONTACT  RESULTS  0/2-INCH  HIGH  POROSITY  COUPONS) 


FIGIJPF  0-3 .  CONSTANT  CONTACT  TEST  RESULTS  (1-INCH,  HIGH  POROSITY  COUPONS) 


TEST  REPORT 
FOR 

TASK  3  SUBTASK  5 

STAINLESS  STEEL  SURFACE 
DECONTAMINATION  SCREENING 

to 

UNITED  STATES  ARMY 

TOXIC  AND  HAZARDOUS  MATERIALS  AGENCY 


by 

E.R.  Zamejc 

D. K.  Wetzel 
T.L.  Hayes 

E. J.  Mezey 


BATTELLE 

Columbus  Laboratories 
505  King  Avenue 
Columbus,  Ohio  43201 


r 


PREVIOUS  PAGE 
IS  BLANK 


EXECUTIVE  SUMMARY 


Five  decontamination  concepts  (Steam,  OPAB,  Hot  Gases,  Vapor 
Circulation,  and  Flashf lasting)  were  evaluated  for  their  decontamination 
effectiveness  of  agent  contaminated  stainless  steel  surfaces.  The  results 
indicate  that  Steam,  Hot  Gases  and  OPAB  are  the  most  promising  concepts  for 
further  study.  The  Steam  and  Hot  Gases  concepts  decontaminated  stainless 
steel  contaminated  with  HO,  SB  or  VX  to  below  the  detectable  limit.  The  OPAB 
concept  decontaminated  stainless  steel  to  below  the  detectable  limit  when  GB 
was  the  contaminant.  Results  suggest  that  a  similar  decontamination 
effectiveness  can  be  achieved  with  OPAB  when  either  HD  or  VX  is  the  contami¬ 
nant.  As  such,  BCL  suggest  that  the  Steam,  OPAB  and  Hot  Gases  concepts  be 
further  evaluated  in  the  subsequent  subtask  (Subtask  6)  for  decontamination 
effectiveness  of  painted  mild  steel,  unpainted  mild  steel  and  painted  stain¬ 
less  steel  matrices.  The  decontamination  of  concrete  will  be  a  subject  of  a 
separate  subtask. 
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TASK  3,  SUBTASK  5 
TEST  REPORT 
FOR 

STAINLESS  STEEL  SURFACE  DECONTAMINATION  SCREENING 
CONTRACT  DAAK11-81-C-0101 
to 

UNITED  STATES  ARMY 

TOXIC  AND  HAZARDOUS  MATERIALS  AGENCY 

1.0  INTRODUCTION 

The  development  of  novel  concepts  for  the  decontamination  of 
chemical  agent-contaminated  buildings  is  being  carried  out  by  Battelle 
Columbus  Laboratories  (BCL)  for  the  U.S.  Army  Toxic  and  Hazardous  Materials 
Agency  (USATHAMA)  under  Contract  No.  DAAK11-81-C-0101 .  In  the  previous  phase 
(Task  1),  ideas  were  systematically  developed  into  concepts  for  decon¬ 
taminating  buildings  and  equipment.  These  concepts  were  evaluated  and  ranked 
with  respect  to  technical  and  economic  factors.  Also,  knowledge  gaps  relating 
to  application  of  the  most  promising  concepts  were  identified.  These 
knowledge  gaps  are  being  addressed  through  laboratory  evaluation  of  the 
concepts  in  Task  3. 

2.0  OBJECTIVE 

The  objective  of  this  subtask  was  to  provide  preliminary  evaluation 
of  five  concepts  for  their  decontamination  effectiveness  using  stainless 
steel  contaminated  with  HD,  GB,  or  VX  as  the  test  substrate.  The  concepts 
evaluated  in  this  subtask  included: 

•  Hot  Gases 

•  Vapor  circulation/RADKLEEN* 

•  Steam 
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•  OPAB  (aqueous  solution  of  1-octylp.yridinium  4- 
aldoxime  bromide) 

•  Flashblast. 

Results  of  Subtask  5  experiments  are  to  be  used  to  (1)  select  three 
of  the  most  promising  concepts  (i.e.,  those  concepts  which  effectively  decon¬ 
taminated  the  coupon)  for  further  evaluation  later  in  Subtask  6,  and 
(2)  provide  a  basis  for  selection  of  operating  parameters  for  decontamination 
of  other  substrates  (e.g.,  painted  stainless  steel,  painted  mild  steel, 
unpainted  mild  steel  and  concrete  in  Subtask  6,  Steel /Concrete  Tests. 

3.0  APPROACH 

In  the  tests,  stainless  steel  coupons  were  spiked  with  a  known 
quantity  of  agent  (HD,  GB,  or  VX)  and  the  decontamination*  treatment  applied. 
Following  the  treatment,  the  coupons  and  the  samples  accumulated  during  the 
experiment  were  analyzed  for  residual  agent.  The  primary  criterion  used  to 
determine  the  effectiveness  of  the  decontamination  treatment  was  the  amount 
of  residual  agent  remaining  on  the  coupons  following  decontamination.  A 
treatment  was  considered  effective  if  the  coupons  were  decontaminated  to 
below  the  detectable  limit.  The  treatment  was  also  considered  effective  if 
nearly  complete  decontamination  was  achieved  and  trends  in  the  data  suggested 
that  decontamination  to  below  the  detectable  limit  can  be  re^onably  achieved 
by  modification  of  the  conditions  used  to  apply  the  decont=  nant. 

Another  factor  of  equal  importance  to  decontai*  ition  efficiency 
was  whether  or  not  the  gaseous  and/or  liquid  effluents  t>  m  the  decon¬ 
tamination  tretment  contained  undecomposed  agent.  Application  of  the 
conceDts  to  field  decontamination  will  require  identification  of  those 
effluent  streams  which  contain  undecomposed  agent  such  that  a  supplemental 
treatment  to  remove/decompose  the  agent  can  be  specified.  It  is  important  to 
note  that  qualitative  rather  than  quantitative  information  confirming  the 
presence  of  undecomposed  agent  in  the  effluents  is  sufficient  to  determine  the 

*  Decontamination  of  the  coupon  implies  either  agent  destruction  and/or 
physical  removal  of  undecomposed  agent. 
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need  for  a  supplemental  treatment.  It  was  judged  that  additional  costs 
required  to  design  an  experimental  system  which  quantitatively  collects 
traps  agent  from  the  effluent  streams  were  not  justified.  As  such  agent 
material  balances  were  not  performed. 

A  description  of  the  test  chamber,  collection  system  and  analytical 
procedures  follows. 


3.1  Test  Chamber  Description 


In  order  to  safely  implement  the  decontamination  concepts,  a  test 
chamber  was  prepared  which  met  the  following  design  criteria: 

•  Sized  to  fit  within  a  laboratory  hood 

•  Constructed  to  contain  all  toxic  and  hazardous  vapors 
that  might  be  released  from  the  sample  coupons 

•  Samples  must  be  exposed  to  the  decontamination 
environments  in  a  manner  closely  simulating  field 
conditions 

•  Provisions  made  for  the  application  of  vapor  decon¬ 
taminants  (hot  gas,  steam,  FREON*  113  vapor),  a 
liquid  decontaminant  (OPA0  solution)  and  the  flash- 
blast  device 

•  Capabilities  must  be  provided  to  permit  qualitative 
collection  and  sampling  of  all  gaseous  and  liquid 
effluents 

0  The  need  for  frequent  change  of  samples,  decon¬ 

tamination,  and  general  cleanup  requires  easy  access 
to  the  interior  of  the  chamber. 

As  shown  in  Figure  1,  the  test  chamber  was  designed  and  fabricated 
as  a  multi -compartment  box  of  roughly  rectangular  geometry.  It  consisted  of 
an  exposure  chamber,  a  collection  chamber,  and  a  coupon  holder.  Also 
associated  with  the  chamber  was  a  hot  gas  delivery  system,  a  FREON  vapor/steam 
delivery  system,  and  an  0PA8  solution  delivery  system.  The  entire  chamber  was 
insulated  with  4  inches  of  Cera*  wool  insulation  to  minimize  heat  losses  when 
operating  at  temperatures  above  ambient.  The  major  components  of  these 
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systems  were  constructed  of  304  stainless  steel.  Gasket  materials  were 
selected  for  thermal  stability  and/or  resistance  to  solvent  attack  (i.e., 
compressed  asbestos,  neoprene,  Viton®  and  Teflon®). 

The  as-built  test  chamber  is  illustrated  In  Figures  2  and  3. 
A  brief  description  of  the  major  components  of  the  test  chamber  (i.e., 
exposure  chamber,  collection  chamber  and  coupon  holder)  is  as  follows. 

3.1.1  Exposure  Chamber 

The  purpose  of  the  exposure  chamber  was  to  provide  containment  of 
the  atmosphere  to  which  the  sample  coupons  are  being  exposed  while  simul¬ 
taneously  allowing  collection  of  the  liquid  and  gaseous  effluents.  The  shell 
of  this  2*s-cubic  foot  chamber  was  constructed  of  16-gauge  stainless  steel 
sheet  supported  and  reinforced  with  1/4  x  1-1/2  x  l-l/?-inch  angle  iron.  All 
joints  and  seams  were  welded  except  the  top,  which  was  sealed  with  Gore-Tex® 
flexible  (Teflon)  gasket.  The  top  was  removable  for  easy  access. 

Two  inserts  were  provided  in  the  exposure  chamber  such  that 
removable  partitions  could  be  installed.  The  partitions*,  when  in  place, 
would  divide  the  exposure  chamber  into  three  identical  compartments.  While 
these  compartments  would  not  be  completely  sealed  from  each  other,  they  would 
nonetheless  permit  simultaneous  exposure  of  three  replicate  coupons  to 
identical  but  independent  reaction  conditions.  The  bottom  of  each  compart¬ 
ment  were  designed  to  permit  collection  of  independent  samples  of  the  liquids 
draining  from  each  compartment  (sump).  For  Subtask  5  experiments,  the  sumps 
were  connected  to  one  common  sump  line  external  to  the  exposure  chamber. 

The  exposure  chamber  was  separated  from  the  collection  chamber  by  a 
wall  containing  three  6-inch  square  openings,  one  opening  centered  in  each  of 
the  compartments.  The  wall  was  fabricated  with  1/4-inch  thick  stainless  steel 
to  provide  the  strength  necessary  to  support  the  coupon  holders.  Bolts, 
welded  to  the  chamber  adjacent  to  these  openings,  wer>'  provided  for  mounting 
coupon  holders. 

Three  1/2-inch  pipe  nipples  were  welded  onto  the  front  wall  of  the 
exposure  chamber,  one  centered  in  each  of  the  compartments  and  aligned  with 


*  Partitions  were  not  employed  in  Subtask  5  tests. 
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FIGURE  2 


TOP  VIEW  OF  DECONTAMINATION  TEST  CHAMBER  SHOWING 
INTERNAL  CONFIGURATION 
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the  center  of  the  sample  coupon  holders.  These  fittings  provided  entry  for 
spray  nozzles  (OPAB  concept)  and  for  electrical  leads  (Flashblast  concept). 

Entry  for  gases/vapors  (Hot  Gases,  Steam  and  Vapor  Circulation 
concepts)  was  provided  through  a  1-inch  pipe  nipple  welded  to  and  located  in 
the  center  of  one  side  of  the  chamber.  An  identical  nipple  on  the  opposite 
side  of  the  chamber  provided  a  vent  for  gases/vapors.  Entry  of  vapors  through 
the  side  of  the  chamber  rather  than  through  the  front  of  the  chamber  is 
considered  a  worst-case  arrangement  because  the  vapors  would  not  impinge 
directly  on  the  coupons. 

3.1.2  Collection  Chamber 


The  purpose  of  the  collection  chamber  will  be  to  provide  a  means  to 
collect  and  sample  gases  and/or  liquids  which  might  pass  through  a  permeable 
coupon  (i.e.,  concrete*)  during  testing.  This  chamber  was  also  constructed  of 
stainless  steel  with  a  lid,  sump,  and  gasket  arrangement  similar  to  the 
exposure  chamber. 

3.1,3  Coupon  Holder 

The  coupon  holder  served  to  hold  the  coupons  in  such  a  manner  as  to 
subject  one  planar  surface  to  the  environment  of  the  exposure  chamber  and  the 
opposite  planar  surface  to  the  collection  chamber  while  providing  a  seal  to 
the  opening  connecting  the  two  chambers.  This  holder  was  fabricated  to  hold  a 
variety  of  coupons  ranging  in  thickness  from  a  14-gauge  steel  coupon  to  a 
concrete  coupon  as  thick  as  one-half  inch. 

The  coupon  holder  assembly  shown  in  Figure  4,  consisted  of  a  front 
plate  and  a  retainer.  The  front  plate  was  a  1/4-inch  thick,  7-inch  square 
stainless  steel  plate  with  a  4-inch  ID  annular  opening.  Four  1/4  x  20  bolts 
were  mounted  around  the  back  of  the  plate.  The  bolts  served  to  hold  a 
retaining  plate  in  place  and  to  provide  the  force  necessary  to  compress  an  ti¬ 
ring  which  created  the  seal  between  the  exposure  and  the  collection  chambers. 


*  The  collection  chamber  will  be  used  in  subsequent  studies  on  the  decon¬ 
tamination  of  concrete. 


FIGURE  4.  COUPON  HOLDER  ASSEMBLY 
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The  O-ring  was  mounted  in  a  groove  milled  into  the  wall  of  the  front  plate 
around  the  annular  opening.  Neoprene  0-rings  were  used  during  the  OPAB, 
Steam,  Flashblast  and  Vapor  Circulation  experiments.  A  compressed  asbestos 
gasket  was  used  in  place  of  the  neoprene  0-rings  during  the  Hot  Gases  experi¬ 
ments. 


3.2  Coupon  Description 

The  coupons  used  in  the  Subtask  5  tests  consisted  of  14  gauge, 
304  stainless  steel.  Each  coupon  measured  5  inches  by  5  inches. 

3.3  Coupon  Spiking  Method 

Subtask  5  experiments  were  performed  in  Battel le's  Toxic  Substances 
Laboratory  (TSL)  rather  than  the  Hazardous  Materials  Laboratory  ( HML ) .  Per¬ 
formance  of  experiments  in  the  TSL  required  the  use  of  dilute  solutions  of 
agent  at  the  following  maximum  surety  concentrations: 

VX  *  Img/ml 

GB  *  2mg/ml 

HD  =  lOmg/ml 

The  dilute  agent  solution  was  applied  to  the  coupon  and  the  solvent 
(hexane  or  methylene  chloride)  was  allowed  to  evaporate  in  order  to  have  a 
contaminated  surface  representative  of  field  conditions  (i.e.,  solvent  not 
present).  Because  agent  may  be  volatilized  along  with  the  solvent  during 
spiking,  baseline  experiments  were  performed  to  determine  the  amount  of 
applied  agent  which  can  be  recovered  by  extraction  after  the  spiking  sequence. 
It  is  important  to  note  that  previous  work  on  recovery  of  agents  from  the 
coupons  of  interest  was  performed  in  the  Hazardous  Materials  Laboratory  (HML) 
because  neat  agent  was  used  for  spiking. ^ 

The  amount  of  solution  required  to  spike  the  coupon  was  determined 
as  follows.  Assuming  that  the  solvent  used  to  extract  the  coupon  following 
the  decontamination  treatment  is  concentrated  to  a  volume  of  5  ml,  a  total  of 
10  yg  of  agent  is  detectable  by  gas  chromotography  ( GC ) * .  Therefore,  for 


*  Lower  detection  limit  of  GC  for  all  agents  is  about  2yg/ml. 
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determination  of  a  destruction  efficiency  of  about  99.9  percent,  a  total  of 
10  mg  of  agent  must  be  initially  applied  to  the  coupon.  A  three  order  of 
magnitude  difference  between  initial  and  anticipated  final  agent  concen¬ 
tration  is  sufficient  to  allow  determination  of  decontamination  effective¬ 
ness.  (Also,  higher  destruction  efficiencies  may  be  extrapolated,  if 
desired,  from  the  rate  data  obtained  in  the  experiments.)  Thus,  in  order  to 
spike  the  coupon  with  10  mg  of  agent,  a  total  of  1  ml  of  dilute  HD  solution; 
5  ml  of  dilute  GB  solution;  or  10  ml  of  dilute  VX  solution  must  be  applied  to 
each  coupon. 

In  the  baseline  experiments,  stainless  steel  coupons  were  spiked 
with  10  mg  of  HD,  GB  or  VX  using  dilute  solutions  of  the  respective  agent. 
After  the  solvent  had  evaporated,  the  coupons  were  extracted  with  50  ml  of 
methylene  chloride.  The  methylene  chloride  was  concentrated  to  a  volume  of 
one  ml  and  the  concentrate  was  analyzed  for  agent.  Results  of  the  baseline 
experiments,  shown  in  Table  1,  are  reported  as  recovery  efficiencies. 
Recovery  efficiency  is  the  fraction  of  spiked  agent  recovered  by  extraction. 
The  high  recovery  efficiencies  shown  in  Table  1  demonstrate  that  spiking 
stainless  steel  coupons  with  dilute  agent  solutions  was  feasible.  The  average 
recovery  efficiencies  were  used  in  subsequent  analyses  to  calculate  the 
decontamination  efficiency  as  follows: 

Residual  Agent  on 

Decontaminated  Coupon  (mg)  =  Resu1t_of  GC  AnalysU  (mg) 

Recovery  Efficiency 

10  mg  -  Residual  Agent  on 
_ Decontaminated  Coupon 

10  mg 

3.4  Analytical  Methodology 

The  samples  generated  from  an  experiment  which  were  quantitatively 
analyzed  for  agent  included  1)  stainless  steel  coupons,  2)  impinger 
solutions,  3)  condensates  and  4)  chamber  rinse  solution.  The  following 
analytical  procedures  were  used.  Analytical  procedures  are  detailed  in 
Battel le  Laboratory  Record  Book  No.  39546. 


X  100 


Decontamination  Efficiency  (%)  = 
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TABLE  1.  AGENT  RECOVERY  EFFICIENCIES  BY  EXTRACTION  WHEN 
SPIKING  STAINLESS  STEEL  COUPONS  WITH  DILUTE 
AGENT  SOLUTIONS 


Solution  Spiked  Extracted  Average 

Spiked  Agent/  Agent/  Recovery 

Agent  (ml)  Coupon  (mg)  Coupon  (mg)  Efficiency* 


HD  1  10 


GB  5  10 


VX  10  10 


10.4  0.85 

8.2 

7.0 

7.4  0.79 

8.8 

7.5 

5.4  0.58 

6.0 

5.9 


*  Average  Recovery  Efficiency  ■  A,er ^ 
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3.4.1  Coupons 

The  stainless  steel  coupons  were  individually  extracted  by 
immersion  in  50  mis  methylene  chloride.  The  coupons  were  allowed  to  soak  for 
about  5  minutes.  The  methylene  chloride  was  collected  and  then  concentrated 
to  one  ml  using  a  Kuderna-Danish  evaporative  concentrator  prior  to  analysis. 

The  concentrate  was  analyzed  by  either  a  Carlo  Erba  Gas  Chromato¬ 
graph  equipped  with  a  Flame  Ionization  Detection  (FID)  system  or  a  Hewlett 
Packard  Gas  Chromatograph  equipped  with  a  Flame  Photometric  Detection  (FPD) 
system*  and  a  Hewlett  Packard  Autosampler.  Both  chromotographs  were  equipped 
with  a  30  meter  glass  capillary  column  coated  with  SE-52  phase.  Data  handling 
and  storage  was  accomplished  with  a  Hewlett  Packard  1000  computer  using  CIS 
cals  software. 

Standard  solutions  containing  known  concentrations  of  agent  (e.g., 
10  ppm,  1  ppm,  0.1  ppm)  were  regularly  used  for  preparation  of  calibration 
curves.  The  standards  were  analyzed  at  the  same  conditions  as  the  samples. 

3.4.2  Impinqers 

Impingers  were  used  either  to  collect  vaporized  agent  contained  in 
the  chamber  exhaust  stream  (Hot  Gas  and  Flashblast  concepts)  or  to  condense 
vapor  exhausted  from  the  chamber  (Steam  and  Vapor  Circulation  concepts).  For 
the  Hot  Gas  and  Flashblast  Concepts,  ethylene  glycol  di acetate  (EGDA) 
solution  was  used  in  impingers  for  HD  experiments  while  pH  3.7  distilled  water 
was  used  in  the  GB  and  VX  experiments. 

Following  an  experiment,  the  solutions  in  the  impingers  were 
combined.  The  volume  was  recorded  and  the  solution  was  then  stored  at  -5  C 
until  analysis  could  be  completed. 

The  EGDA  used  for  the  collection  of  HD  was  analyzed  for  the  presence 
of  HD  by  Gas  Chromatography/Hall  detection.  This  procedure  gave  a 
detection  limit  of  0.2  yg/ml.  The  EGDA  was  analyzed  without  prior  concen¬ 
tration. 


*  Phosphorus  mode  for  GB  and  VX. 
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The  3.7  pH  water  was  analyzed  directly  for  presence  of  VX  and  GB 
using  a  Technicon  Autoanalyzer.  The  Technicon  procedure  for  GB  and  VX  gave  a 
detection  limit  of  at  least  0.01  yg/ml.  The  3.7  pH  water  was  analyzed  without 
concentration. 

3.4.3  Condensate/Rinses 


The  condensate  samples  from  the  Steam  tests  and  water  samples 
collected  from  the  Hot  Gases  tests  were  extracted  in  a  two-liter  separatory 
funnel.  The  condensate  was  loaded  into  the  separatory  funnel  and  washed  with 
three  separate  50  ml  volumes  of  methylene  chloride.  The  wash  samples  were 
combined  and  concentrated  to  one  ml  using  the  Kuderna-Danish  appartus.  The 
concentrate  was  then  analyzed  in  the  same  method  as  the  coupon  extract. 

The  FREON  113  condensate  samples  were  concentrated  to  approximately 
5  mis  using  a  rotary  vacuum  evaporator.  The  5  ml  aliquot  was  then  transferred 
to  the  Kuderna-Danish  concentrator  for  further  concentration  to  1  ml.  The 
concentrate  was  then  analyzed  in  the  same  method  as  the  coupon  extracts. 

The  chamber  rinse  samples  (isopropyl  alcohol  and/or  hexane)  were 
collected  and  concentrated  to  one  ml  using  the  Kuderna-Danish  concentrator. 
The  concentrate  was  then  analyzed  in  the  same  method  as  the  coupon  extracts. 

3.5  Test  Procedures 


The  approaches  used  to  implement  the  five  decontamination  concepts 
were  outlined  in  Test  Plans.  Test  Plan  Part  A  details  the  Hot  Gases  and  the 
Vapor  Circulation/RADKLEEN  concepts,  Test  Plan  Part  B  details  the  Steam,  OPAB 
and  Flashblast  concepts. 


4.0  HOT  GASES  DECONTAMINATION  CONCEPT 


The  Hot  Gases  concept  employs  the  use  of  heated  gases  such  as  burner 
exhaust  gases  to  thermally  decontaminate  a  building. ^  The  circulation  of 
inert  hot  gases  in  a  building  may  allow  the  building  to  behave  like  an  oven 
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such  that  the  agent  contaminant  is  exposed  to  elevated  temperatures  (100  to 
300  C)  for  sufficient  time  to  cause  volatilization  and/or  thermal  decom¬ 
position.  The  purpose  of  the  experiments  described  below  was  to  determine  the 
decontamination  effectiveness  of  the  Hot  Gases  concept  by  subjecting  stain¬ 
less  steel  test  coupons  contaminated  with  agent  to  a  hot-gas  composition  near 
that  of  a  combustion  exhaust  gas. 

4.1  Description  of  Hot  Gases  Experiments 
4.1.1  Hot  Gases  Apparatus 

The  hot  gas  system  is  illustrated  in  Figures  5  and  6.  In  the 
process,  a  mixture  of  nitrogen,  carbon  dioxide,  and  water  vapor  were  used  as 
the  hot  gas  source.  This  mixture  was  selected  to  represent  the  atmosphere 
produced  when  using  stoichimetric  combustion  of  natural  gas  to  supply  heat  for 
field  application.  For  stoichiometric  combustion  of  natural  gas  in  air,  the 
molar  fraction  of  products  formed  are  0.71  N2:0.19  H20:0.10  C02.  A  gas 
mixture  in  this  proportion  was  prepared  by  passing  1.7  nM^/hr  of  N,  and 
0.24  nM  /hr  of  C02  through  a  column  of  water  heated  at  about  64  C.  At  this 
temperature,  the  vapor  pressure  of  water  (186  mm  Hg)  was  such  that  the  gas 
mixture  exiting  the  water  column  had  the  desired  molar  proportion  of  gases. 
During  the  experiments  the  water  column  temperature  was  varied,  depending  on 
the  outlet  pressure  of  the  water  column  (typically  207  mm  Hg)  and  the  flow 
rates  of  nitrogen  and  carbon  dioxide  (typically  2.0  nM  /hr  and  0.3  nM  /hr, 
respectively)  such  that  the  desired  molar  ratio  of  gases  was  maintained. 

Following  the  water  column,  the  gas  mixture  was  passed  through  a 
tubular  furnace  containing  a  pipe,  packed  with  alumina  pellets.  The  alumina 
pellets  enhanced  heat  transfer  from  the  furnace  to  the  gas  stream  and  served 
as  a  heat  sink  which  increased  the  stability  of  the  system  with  respect  to 
temperature  control.  Following  the  tubular  furnace,  the  hot  gas  stream  was 
directed  through  a  heated  pipe  and  into  the  side  of  the  insulated  test 
chamber.  In  the  chamber,  heat  was  transferred  from  the  gas  stream  to  the  test 
chamber  and  the  stainless  steel  coupons.  The  gases  were  then  exhausted  from 
the  chamber,  through  a  water  cooled  heat  exchanger  and  into  a  water  trap.  The 
water  trap  served  to  eliminate  water  condensate  from  the  gas  stream.  The  gas 
stream  was  then  directed  through  two  parallel  impinger  trains  each  comprised 
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FIGURE  6.  HOT  GAS  DECONTAMINATION  EQUIPMENT  CONFIGURATION 
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of  two  impingers  in  series.  The  impingers  contained  glass  beads  to  aid 
dispersion  of  the  gas  and  either  pH  3.7  water  for  GB  and  VX  or  ethylene 
glycol di acetate  (EGOA)  for  HD  to  qualitatively  trap  agent  that  had 
volatilized  from  the  coupons.  The  impinger  trains  were  externally  cooled  with 
ice  water  during  the  experiment. 

Residual  water  vapor  was  removed  by  passing  the  gas  stream  exiting 
the  impingers  through  a  trap  cooled  with  solid  carbon  dioxide.  The  dryed  gas 
was  directed  through  two  vacuum  pumps  in  series,  through  a  totalizing  dry  gas 
test  meter,  and  finally  to  the  hood.  The  vacuum  pumps  served  to  maintain  the 
exposure  chamber  at  a  slightly  negative  pressure  (about  minus  one  inch  of 
water  column). 

4.1.2  Test  Variables 


The  primary  test  variables  were  the  coupon  temperature  and  time  at 
temperature.  Several  methods  of  measuring  the  coupon  temperatures  were 
analyzed  during  the  performance  tests.  The  methods  included  having  a  metal- 
sheathed  thermocouple  probe  touching  the  surface,  attaching  an  unsheathed 
thermocouple  to  the  surface  with  Sauereisen  high  temperature  cement,  etc.  The 
preferred  method  involved  the  use  of  a  bolt  attached  to  a  metal  bar  which,  in 
turn,  was  attached  to  the  back  of  the  coupon  holder  as  shown  in  Figure  4.  The 
bolt  supplied  pressure  to  hold  the  thermocouple  in  place  on  the  back  of  the 
coupon  and  to  maintain  the  thermocouple  in  good  contact  with  the  coupon. 

4.1.3  Test  Procedure 


Three  stainless  steel  coupons  were  placed  in  coupon . holders  and 
then  each  coupon  was  spiked  with  10  mg  of  agent  using  dilute  agent  solution. 
Three  coupons  were  used  to  obtain  triplicate  determination  of  decontamination 
effectiveness  in  one  experiment.  The  coupon  holders  were  bolted  into  the 
chamber  and  the  chamber  lid  was  secured.  The  hot  gas  flow  was  started  and 
regulated  during  the  experiment  such  that  the  coupons  were  heated  to  the 
desifed  temperature.  The  initial  set  of  experiments  focused  on  heating  the 
coupons  to  about  572  F  (300  C).  This  required  maintaining  the  gas  temperature 
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inside  the  chamber  at  about  650  to  750  F  (350  to  400  C).  Once  the  coupons 
reached  300  C,  the  gas  flow  was  regulated  such  that  the  coupons  were  main¬ 
tained  at  about  300  C  either  for  at  least  30  seconds  when  HD  was  the  contami¬ 
nant;  for  at  least  70  seconds  when  GB  was  the  contaminant;  or  for  at  least 
9.5  minutes  when  VX  was  the  contaminant.  These  times  were  based  on  twice  the 
time  required  to  achieve  99.9  percent  decomposition  of  the  agent  at  300  C.^ 
After  the  required  time  at  temperature  was  achieved,  the  hot  gas  flow  was 
stopped  and  the  chamber  was  allowed  to  cool  overnight.  The  following  day,  the 
coupons  and  impingers  were  removed  for  analysis.  The  chamber  was  then  rinsed 
with  hexane  which  was  also  collected  for  analysis.  It  is  important  to  note 
that  because  impermeable  coupons  (stainless  steel)  were  used,  the  collection 
chamber  was  not  monitored  for  agent  during  these  tests. 

4.1.4  Measurements 


The  following  samples  from  each  Hot  Gas  experiment  were  quanti¬ 
tatively  analyzed  for  residual  agent: 

•  Coupons  (three  separate  analyses) 

•  Impingers  (combined  liquids  from  all  four  impingers) 

•  Water  trap  (combined  water  samples  taken  throughout 
the  experiment) 

t  Chamber  rinse. 

Measurements  made  during  the  experiment  included: 

•  C0£  and  N2  flow  rates 

•  Water  column  temperature 

t  Furnace  inlet  pressure 

•  Furnace  inlet  and  exit  temperature 

•  Chamber  pressure 

•  Chamber  inlet,  internal  and  exit  temperatures 

•  Time  versus  temperature  profile  for  each  coupon 
during  heating  and  during  cooldown 

•  Variac  control  settings 

t  Dry  test  meter  reading 

•  Water  trap  sampling  time  and  total  amount  of  liquid 

collected  , 


266 


IV-25 


4.2.  Discussion  of  Results  from  Hot  Gas  Decontamination  Experiments 

The  results  from  the  hot  gas  experiments  are  discussed  in  the 
following  section.  Actual  data  obtained  from  the  experiments  are  recorded 
in  Battelle  Laboratory  Record  Book  No.  39108. 

Table  2  gives  a  summary  of  the  operating  conditions  for  the  hot  gas 
experiments. 

A  comparison  of  the  total  flow  of  gas  into  the  system  with  the  total 
flow  of  gas  out  of  the  system  indicates  that  leakage  of  air  into  the  system 
occurred  during  the  experiments  as  planned.  Leakage  occurred  primarily 
during  the  process  of  removal  of  condensed  water  from  the  cooled  chamber 
exhaust  stream.  A  small  amount  of  leakage  also  occurred  through  the  chamber 
lid  gasket.  (In  field  decontamination,  it  is  important  to  note  that  because  a 
building  cannot  be  completely  sealed,  leakage  will  occur  during  implemen¬ 
tation  of  the  hot  gas  concept.  As  such,  the  building  should  be  maintained  at 
a  slightly  negative  pressure  because  it  is  desirable  to  have  air  leakage  into 
the  building  rather  than  leakage  of  gas  potentially  containing  agent  out  of 
the  building  during  operations.) 

A  summary  of  the  coupon  decontamination  results  from  the  six  hot  gas 
experiments  is  shown  in  Table  3,  All  coupons  were  decontaminated  to  below  the 
detectable  limit  in  each  of  the  hot  gas  tests  except  the  GB  experiment  con¬ 
ducted  at  300  C.  However,  the  subsequent  GB  experiment  in  which  a  lower 
operating  temperature  was  employed  (i.e.,  150  C)  resulted  in  decontamination 
to  belbw  the  detectable  limit.  This  suggests  that  GB  detected  in  the  300  C 
experiment  may  not  be  GB  but  rather  a  thermal  decomposition  product  which 
interferes  with  GB  determination  by  GC  analysis.  The  sample  which  showed  "GB" 
was  subjected  to  GC/MS  analyses.  Results  of  the  GC/MS  analyses,  given  in 
Table  4,  substantiate  the  absence  of  GB  but  do  not  identify  the  analytical 
interference.  Agent  decomposition  products  were  not  detected  in  any  of  the 
coupon  extracts  subjected  to  GC/MS  analysis.  As  such,  if  thermal  decomposi¬ 
tion  occurs  either  the  products  volatilize  from  the  surface  or  form  a  species 
which  cannot  be  chromatograraned.  No  obvious  chars  or  other  coatings  on  the 
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c)  Total  flow  out  of  system  =  Dry  Test  Meter  Flow  Rate  ♦  Water  Vapor  Flow  Rate 


TABLE  3.  COUPON  DECONTAMINATION  RESULTS  FROM  SIX  HOT  GAS  EXPERIMENTS 
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TABLE  4.  MASS  SPECTRAL  DATA  OF  COUPON  EXTRACTS  FROM  SUBTASK  5 
STUDIES  ON  HOT  GAS  DECONTAMINATION  OF  STAINLESS  STEEL 


Agent  Compound  Comments  on 

Decontaminated  Identified  Source  of  Compound 


HD 

Tridecane 

Solvent  impurity 

1-Methyl nitrobenzoic  acid 

Solvent  impurity 

Phthalate 

Plasticizers 

GB 

Phthalates 

Plasticizers 

VX 

Phthalates 

Plasticizers 

stainless  steel  coupon  surfaces  were  observed  following  hot  qas  decontami¬ 
nation. 

Agent  destruction  efficiencies,  shown  in  Table  3,  were  calculated 
from  the  kinetic  thermal  decomposition  expressions  given  in  Reference  2.  A 
comparison  of  the  calculated  destruction  efficiencies  with  the  observed 
coupon  decontamination  efficiencies  for  the  experiments  operated  at  150  C 
indicates  that  thermal  destruction  accounts  for  only  a  fraction  of  the  coupon 
decontamination  efficiency.  The  remaining  decontamination  was  probably 
caused  by  volatilization  of  undecomposed  agent  from  the  coupons.  The 
volatilized  agent  would  mix  with  the  hot  gas  stream  in  the  chamber  which 
subsequently  is  exhausted  from  the  chamber.  Although  the  mixing  of  the  hot 
gas  (typically  at  a  temperature  of  about  230  to  340  C)  with  the  volatilized 
agent  can  cause  partial  thermal  decomposition  of  the  agent,  sufficient  time 
may  not  have  been  available  to  cause  complete  decomposition.  As  such,  un¬ 
decomposed  agent  would  be  observed  in  the  impinger  and/or  water  trap.  Results 
of  the  impinger  and  water  trap  analyses  (See  Table  5),  confirm  that  the  hot 
gas  exhaust  stream  contained  undecomposed  agent.  In  the  case  of  HD,  a 
relatively  large  fraction  of  the  HO  spiked  on  the  coupons  was  recovered  in  the 
impingers  (5.8  mg  of  HD  was  recovered  in  Experiment  4  out  of  30  mg  spiked). 

It  is  important  to  note  that  operation  at  higher  temperatures  may 
not  completely  eliminate  volatilization  because  volatilization  may  occur  pri¬ 
marily  during  the  heatup  stage.  Also,  operation  at  higher  temperatures  would 
require  additional  fuel  requirements  and  increase  the  probability  of  damage 
to  the  building.  Thus,  a  method  must  be  developed  to  remove  volatilized  agent 
from  the  exhaust  gas  when  decontaminating  a  building  in  the  field  using  the 
hot  gas  concept.  The  method  can  be  as  simple  as  recycling  all  of  the  exhaust 
gas  through  the  burner  that  supplies  the  hot  gas.  Following  incineration  to 
ensure  complete  agent  destruction,  part  of  the  flue  gas  stream  can  then  be 
vented  to  the  atmosphere  with  the  remainder  directed  into  the  building  being 
decontaminated. 

Because  agent  was  volatilized  during  the  hot  gas  experiments,  the 
contamination  of  previously  uncontaminated  areas  of  the  test  chamber  was 
possible  especially  at  cold  spots  within  the  test  chamber.  However,  analyses 
of  the  chamber  rinses  (See  Table  5)  demonstrated  that  initially  uncontami- 
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nated  areas  of  the  chamber  did  not  become  contaminated.  Application  of  the 
_  hot  gas  concept  to  field  structures  must  consider  prevention  of  cold  spots  j 

within  the  building  by,  for  example,  the  use  of  baffles  or  other  flow 
directional  devices  which  would  cause  turbulent  mixing  of  the  hot  gases 
throughout  the  structure. 

i  -  ! 

, 

4.3  Hot  Sas  Concept  Conclusions/Recommendations 

Tentative  conclusions  based  on  evaluation  of  the  data  from  the  hot 
_  gas  experiments  are  as  follows:  j 

t  Stainless  steel  contaminated  with  GB,  HD,  or  VX  can 
be  decontaminated  to  below  the  detectable  limit  by 
maintaining  the  contaminated  steel  surface  at  a 

temperature  of  150  C  for  one  hour  j 

#  Undecomposed  agent  volatilizes  from  the  stainless 
steel  coupons  thereby  requiring  a  method  to  remove/ 
decompose  agent  contained  in  hot  gas  exhausted  from  a 
building 

•  Volatilized  agent  did  not  contaminate  previously  un- 
contami nated  areas  of  the  test  chamber. 

Based  on  the  experimental  results,  further  evaluation  of  the  hot 
gas  concept  in  Subtask  6  of  Task  3  is  recommended.  The  suggested  starting 
conditions  for  decontamination  of  painted  mild  steel,  painted  stainless 
steel,  and  unpainted  mild  steel  coupons  in  Subtask  6  are  60  minutes  at  a 
coupon  temperature  of  150  C.  It  is  anticipated  that  the  effluent  gas  will 
_  be  incinerated  to  destroy  residual  agent. 

5.0  STEAM 

The  steam  concept  employs  the  use  of  ambient  pressure  steam  to 

decontaminate  a  building  by  either  chemical  hydrolysis  and/or  physical 

•  (2) 

removal  (i.e.,  solubilization  or  evaporation)  of  agent  contaminants.  Steam 

may  be  applied  either  manually  or  remotely  (i.e.,  injecting  steam  into  a 

* 
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sealed  building).  The  purpose  of  the  experiments  described  below  was  to 
determine  the  decontamination  effectiveness  of  steam  by  subjecting  stainless 
steel  test  coupons  contaminated  with  agent  to  steam. 

5.1  Description  of  Steam  Experiments 

5.1.1  Steam  Apparatus 

The  steam  system  is  i^ustrated  in  Figure  7.  Water  was  vaporized  in 
pressure  vessel  at  a  rate  of  about  1.4  kg/hr.  The  steam  at  a  pressure  of 
about  50  to  200  mm  Hg  above  atmospheric  was  directed  through  a  heated  pipe  and 
into  the  side  of  the  exposure  chamber.  The  pipe  was  heated  to  prevent 
condensation  of  steam.  In  the  exposure  chamber,  the  steam  condensed  on  the 

walls  and  the  coupons.  The  condensate  was  directed  from  the  sumps  in  the 

chamber  to  a  collection  flask.  Uncondensed  steam  was  vented  from  the  chamber 
through  impinger  trains.  The  impinger  trains,  empty  at  the  start  of  the 

experiment,  were  cooled  in  an  ice  bath  such  that  the  uncondensed  steam  ex¬ 

hausted  from  the  chamber  could  be  collected. 

5.1.2  Test  Variables 

The  primary  test  variable  was  the  period  of  time  that  the  stainless 
steel  coupons  were  maintained  at  a  temperature  of  about  100  C  (212  F). 
Selection  of  the  time  at  temperature  allowed  a  comparison  of  the  steam  experi¬ 
ments  to  be  made.  The  heat-up  time  (i.e.,  time  required  for  the  coupons  to 
reach  temperature)  was  not  included  because  it  varied  in  each  experiment 
depending  upon  the  steam  flow  rate. 

The  method  used  to  measure  coupon  temperature  is  described  in 
Section  4.1.2. 

5.1.3  Test  Procedure 

Three  stainless  steel  coupons  were  placed  in  coupon  holders  and 
then  each  coupon  was  spiked  with  10  mg  of  agent  using  dilute  agent  solution. 
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The  coupon  holders  were  bolted  into  the  chamber  and  the  chamber  lid  was 
secured.  The  steam  flow  was  then  started. 

As  steam  condensed  on  the  coupons,  the  coupons  were  heated  from 
ambient  temperature  (about  20  C)  to  near  the  boiling  point  of  water.  In  the 
initial  set  of  experiments,  steam  flow  was  then  maintained  for  an  additional 
20  minutes  when  HD  was  the  contaminant;  60  minutes  when  GB  was  the  contami¬ 
nant;  or  140  minutes  when  VX  was  the  contaminant.  These  operation  times  were 

(3) 

based  on  results  from  the  Chemical  Prescreening  Studies'  where  decontami¬ 
nation  with  steam  was  evaluated  in  a  closed  system.  Subsequent  operation 
times  were  based  on  the  results  from  the  initial  set  of  stainless  steel 
decontamination  experiments.  After  the  required  time  at  temperature  was 
achieved,  the  steam  flow  was  stopped  and  the  chamber  was  allowed  to  cool 
overnight.  The  following  day,  the  coupons  and  impingers  were  removed  for 
analysis.  The  chamber  was  then  rinsed  with  hexane  which  was  also  collected 
for  analysis. 

5.1.4  Measurements 

The  following  samples  from  each  steam  experiment  were  quantita¬ 
tively  analyzed  by  GC  for  residual  agent: 

t  Coupons  (three  separate  analyses) 
t  Impingers  (combination  of  liquid  from  both  impingers) 

•  Condensate  (combination  of  water  samples  taken 
throughout  the  experiment)* 

$  Chamber  rinses  (Isopropyl  alcohol  rinse  followed  by  a 
hexane  rinse). 

Measurements  made  during  the  experiment  included: 

•  Time  versus  temperature  profile  for  each  coupon 
during  the  experiment 

•  Inlet  steam  temperature 

*  In  Experiments  4  and  6,  two  condensate  samples  were  analyzed.  One  sample 
was  condensate  collected  during  the  heat  up  period.  The  second  sample  was 
condensate  collected  between  the  time  the  coupons  reached  about  100  C  and 
the  end  of  the  experiment. 
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•  Pressure  vessel  temperature/pressure 

•  Variac  control  settings 

•  Condensate  sampling  time  and  amount  collected 

•  Amount  of  liquid  collected  in  the  impingers. 

5.2  Discussion  of  Results  from  the  Steam  Experiments 

The  results  of  the  steam  experiments  are  discussed  in  the  following 
section.  Actual  data  obtained  from  the  experiments  are  givan  in  Battelle 
Laboratory  Record  8ook  No.  39108. 

Table  6  gives  a  summary  of  the  operating  conditions  for  the  steam 
experiments.  The  average  steam  flow  for  the  six  steam  exoeriments  corresponds 
to  a  flow  of  about  20.8  kg  of  steam/m  /hr  for  the  0.07  cubic  meter  chamber. 
Application  of  the  steam  concept  to  decontamination  of  field  structures  will 
require  a  lower  steam  flow  rate  per  unit  volume  which,  consequently,  will 
require  operation  for  a  longer  period  than  that  shown  in  Table  6  because  of 
longer  heatup  times.  However,  the  time  the  stainless  steel  surfaces  are 
maintained  at  about  100  C  can  correspond  to  the  times  shown  in  Table  6. 

A  summary  of  the  coupon  decontamination  results  from  t.he  six  steam 
experiments  are  shown  in  Table  7.  The  results  indicate  that  all  coupons  were 
decontaminated  to  below  the  detectable  limit  in  each  of  the  steam  experiments. 
Decontamination  of  the  coupons  involved  not  only  destruction  of  agent,  but 
also  physical  removal  of  agent.  In  the  steam  experiments,  agent  can  be 
physically  removed  from  the  coupons  by  either  volatilization  and/or  washed 
off  by  steam  condensation.  Results  from  the  analysis  of  the  impinger  samples 
shown  in  Table  8  indicate  that  undecomposed  agent  did  volatilize  from  the 
coupons.  The  volatilized  agent  was  exhausted  from  the  chamber  to  the 
impingers  along  with  uncondensed  steam.  It  appears  that  insufficient  contact 
time  of  the  volatilized  agent  with  the  steam  was  available  to  cause  complete 
agent  destruction.  As  such,  a  method  must  be  developed  to  remove  volatilized 
agent  from  the  exhausted  steam  when  decontaminating  a  bjilding  us’ng  steam. 
The  method  can  entail  recycle  of  the  exhausted  steam  to  the  steam  generator. 
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a)  Time  for  coupons  to  reach  about  TOO  C  (boiling  point  of  water) 


TABLE  8.  IMPINGER,  SUMP  CONDENSATE  AND  CHAMBER  RINSE 
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(c)  Amount  of  agent  in  the  condensate  collected  between  the  time  the  coupons  reached  about  100C  and  the  end  of 
the  experiment. 
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Repeated  recycle  should  provide  sufficient  contact  time  of  undecomposed  agent 
with  steam  to  ensure  complete  destruction  (see  Reference  3). 

The  second  method  by  which  undecomposed  agent  can  be  physically 
removed  from  the  coupons  is  by  washing  off  by  the  steam  condensation.  Results 
from  the  analysis  of  the  sump  condensate  shown  in  Table  8  substantiate  that 
agent  wash-off  does  occur.  In  an  effort  to  determine  when  agent  wash-off 
occurs  during  the  process,  two  condensate  samples  were  taken  in  each  of 
Experiments  4  and  6.  The  first  sample  consisted  of  liquid  collected  between 
the  start  of  the  experiment  and  the  time  the  coupons  reached  about  100  C.  The 
second  sample  consisted  of  liquid  collected  between  the  time  the  coupons 
reached  about  100  C  and  the  end  of  the  experiment.  The  samples  were  analyzed 
separately.  The  results  shown  in  Table  8  suggest  that  agent  wash-off  can 
occur  throughout  the  steam  decontamination  process.  Because  the  sump  conden¬ 
sate  contains  undecomposed  agent,  the  condensate  would  require  a  subsequent 
treatment.  The  treatment  can  be  identical  to  that  previously  described  for 
the  steam  exhaust.  For  example,  the  condensate  can  be  collected  in  a  sump, 
pumped  from  the  building  to  temporary  storage  tanks,  and  recycled  to  the  steam 
generator.  ~he  cycle  could  be  repeated  until  no  agent  is  detected  in  the 
condensate. 

Minor  amounts  of  agent  were  found  in  the  chamber  rinses  in  several 
of  the  experiments.  The  source  of  the  agent  is  probably  attributed  to 
residual  agent  in  the  condensate  collection  system.  Subsequent  steam  experi¬ 
ments  in  Subtask  6  will  attempt  to  verify  the  source  of  the  contamination  by 
separately  collecting  rinses  of  the  condensate  collection  system  and  the 
chamber. 


5.3  Steam  Concept  Conclusions/Recommendations 

Tentative  conclusions  based  on  evaluation  of  the  data  from  the 
steam  experiments  are  as  follows: 

•  Stainless  steel  contaminated  with  HO,  G8,  or  VX  can 
be  decontaminated  to  below  the  detectable  limit  by 
maintaining  the  steel  surface  at  a  temperature  near 
the  boiling  point  of  water  for  40,  60  or  180  minutes, 
respectively. 
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•  Steam  decontamination  includes  the  physical  removal 
of  undecomposed  agent  from  the  coupon  by  volatili¬ 
zation  and  wash-off.  Thus,  a  method  to  remove/ 
decompose  agent  contained  in  exhausted  steam  and  con¬ 
densate  from  a  building  is  required. 

•  Volatilized  agent  contaminated  either  the  condensate 
collection  system  or  previously  uncontaminated  areas 
of  the  chamber.  Further  efforts  are  required  to 
determine  the  path  of  the  contamination. 

Based  on  the  experimental  results,  further  evaluation  of  the  steam 
concept  in  Subtask  6  is  recommended.  The  suggested  starting  conditions  for 
decontamination  of  painted  mild  steel,  painted  stainless  steel  and  unpainted 
mild  steel  are  as  follows: 

GB  -  60  minutes  at  a  coupon  temperature  of  100  C 

HD  -  40  minutes  at  a  coupon  temperature  of  100  C 

VX  -  180  minutes  at  a  coupon  temperature  of  100  C. 

In  addition  to  the  experiments  above,  experiments  in  which  conden¬ 
sate  containing  undecomposed  agents  is  reboiled  are  suggested.  The  reboiled 
water  would  be  analyzed  for  agent  to  confirm  that  recycle  of  water  to  decom¬ 
pose  residual  agent  is  feasible. 


6.0  VAPOR  CIRCULATIQN/RADKLEEN* 


The  vapor  ci rculation/RADKLEEN  concept  is  a  combination  concept 

which  employs  the  vapor  circulation  method  as  a  means  of  application  of 

FREON*  113  (Trichlorotrif luoroethane)  -  the  solvent  used  in  the  RADKLEEN 
f  2) 

process'1  .  In  the  Vapor  Circulation/RADKLEEN  process,  FREON  113  is  applied 
to  a  building  in  a  vapor  phase.  The  vapor  would  condense  upon  contacting  the 
cool  building  surfaces.  The  condensate  would  then  solubilize  the  agent  con¬ 
taminants  and  the  solvent  laden  with  agent  would  be  collected  from  a  sump  for 
treatment.  The  purpose  of  the  experiments  described  below  was  to  determine 
the  decontamination  effectiveness  of  the  process  by  subjecting  test  coupons 
contaminated  with  agent  to  FREON  113  vapor.  It  is  important  to  note  that 
agent  was  not  decomposed  by  this  process  but  rather  physically  removed  by 
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solubilization.  The  solvent  containing  agent  would  require  subsequent  treat¬ 
ment  to  decompose  the  agent. 

6.1  Description  of  Vapor  Circulation  Experiments 

6.1.1  Vapor  Circulation  Apparatus 

The  Vapor  Circulation/RADKLEEN*  system  is  similar  to  the  Steam 
system  illustrated  in  Figure  7.  FREON  113  was  vaporized  in  a  boiler  (boiling 
point  =  48  C  or  117.6  F)  at  a  rate  of  about  1  to  2  kg/hr.  The  FREON  vapor  was 
then  directed  through  a  heated  pipe  and  into  the  exposure  chamber.  The  pipe 
was  heated  to  prevent  condensation.  In  the  exposure  chamber,  the  FREON  vapors 
condensed,  solubilized  the  agent  from  the  coupons,  and  drained  into  the  sumps 
for  collection.  In  several  experiments,  uncondensed  vapors  were  directed 
through  empty  impinger  trains  cooled  with  water-ice  mixture  to  condense  and 
remove  residual  FREON  vapor  before  venting.  In  Experiments  1,  5,  and  6,  all 
flow  was  directed  through  the  sump  collection  system. 

6.1.2  Test  Variables 


The  primary  test  variable  was  the  period  of  time  that  the  coupons 
were  maintained  at  a  temperature  of  about  48  C.  Coupon  temperatures  were 
measured  in  the  method  described  in  Section  4.1.2. 

6.1.3  Test  Procedure 


Three  stainless  steel  coupons  were  placed  in  coupon  holders  and 
then  each  coupon  was  spiked  with  10  mg  of  agent  using  dilute  agent  solution. 
The  coupon  holders  were  bolted  into  the  chamber  and  the  chamber  lid  was 
secured.  The  FREON  vapor  flow  was  then  started.  As  FREON  began  to  condense 
on  the  coupons,  the  coupons  were  heated  to  near  the  boiling  point  of 
FREON  113.  In  the  initial  set  of  experiments  (Experiments  1,  2  and  3),  the 
FREON  flow  was  stopped  and  the  experiment  was  ended  when  the  coupon  tempera¬ 
ture  reached  about  48  C.  Subsequent  operation  times  were  based  on  the  results 
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of  these  initial  experiments.  For  example,  if  incomplete  decontamination  was 
observed  in  the  initial  experiments,  then  the  subsequent  experiment  was 
operated  at  longer  times  rather  than  higher  temperatures.  The  selected  decon¬ 
taminant  temperature  (boiling  point)  was  considered  optimum  and  limiting.  A 
higher  temperature  would  not  lead  to  solubilization  of  the  agent  because  the 
FRtON  would  be  in  vapor  form. 

If  complete  decontamination  was  observed  in  the  initial  experi¬ 
ments,  then  the  subsequent  experiment  was  conducted  at  similar  conditions 
(i.e.,  same  time  at  temperature). 

After  the  required  time  at  temperature  was  achieved,  the  FREON  flow 
was  stopped  and  the  chamber  was  allowed  to  cool.  The  coupons  and  impingers 
were  then  removed  for  analysis.  The  chamber  was  rinsed  with  hexane  which  was 
also  collected  for  analysis. 

6.1.4  Measurements 


The  following  samples  from  each  FREON  experiment  were  quantita¬ 
tively  analyzed  for  residual  agent: 

•  Coupons  (three  separate  analyses) 

•  Impingers  (combined  liquid  from  both  impingers) 

•  Condensate  (combined  FREON  samples  taken  throughout 
the  experiment)* 

•  Chamber  hexane  rinse. 

Measurements  made  during  the  experiment  included: 

•  Time  versus  temperature  profile  for  each  coupon 
during  the  experiment 

•  Inlet  temperature 

•  Pressure  vessel  temperature/pressure 
t  Variac  control  settings 

f  Condensate  sampling  time  and  amount  collected 

•  Amount  of  liquid  collected  in  impingers. 


*  In  Experiments  1,  2,  and  6  multiple  condensate  samples  were  collected  and 
separately  analyzed  for  agent. 
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6.2  Discussion  of  Results  from  the  Vapor 
Circulation  Experiments 

The  results  of  the  Vapor  Circulation  decontamination  experiments 
are  discussed  in  the  following  section.  Actual  data  obtained  from  the  experi¬ 
ments  are  given  in  Battelle  Laboratory  Record  Book  No.  39108.« 

Table  9  gives  a  summary  of  the  operating  conditions  for  the  vapor 

circulation  experiments.  The  average  FREON  flow  rate  for  the  six  vapor 

circulation  experiments  corresponds  to  a  flow  rate  of  about  53  liters  of 
■s 

FREON/m  /hr  for  the  0.07-cubic  meter  chamber.  Application  of  the  FREON  to  a 
field  structure  at  this  flow  rate  per  unit  volume  is  probably  not  feasible.  A 
lower  flow  rate  can  be  employed  but  this  will  require  operation  for  longer 
times  than  that  shown  in  Table  9  because  of  longer  heat-up  times. 

A  summary  of  the  coupon  decontamination  results  from  the  six  vapor 
circulation  experiments  is  shown  in  Table  10.  The  data  indicates  that  the 
coupons  contaminated  with  either  GB  or  HO  were  decontaminated  to  below  the 
detectable  limit.  However,  incomplete  decontamination  was  observed  when 
coupons  were  contaminated  with  VX.  A  longer  time  at  temperature  than  two 
hours  may*  be  required  to  decontaminate  stainless  steel  coupons  contaminated 
with  VX  using  the  vapor  circulation  concept.  Other  options  include  repetition 
of  the  thermal  cycles. 

Analytical  results  from  the  impinger,  sump  condensate  and  chamber 
rinse  samples  taken  during  the  vapor  circulation  experiments  are  given  in 
Table  11,  Agent  was  detected  in  two  of  the  experiments  in  which  impingers 
were  used.  This  suggests  that  agent  was  volatilized  from  the  coupons  during 
the  treatment  and  was  entrained  in  the  FREON  vapor  exhaust  stream.  (As  such, 
the  vapors  emanating  from  a  building  must  be  collected  and  treated  to  remove/ 
decompose'  agent  during  field  decontamination  when  using  the  Vapor  Circulation 
concept. ) 

'  Results  of  the  sump  condensate  analyses  shown  in  Table  11,  indicate 
that  for  most  experiments,  a  large  amount  of  agent  was  present.  This  was 
anticipated  because  the  coupon  decontamination  mechanism  of  the  vapor  circu¬ 
lation  concept  is  by  solubilization  of  undecomposed  agent.  However,  in 
Experiments  4,  5,  and  6  less  than  a  milligram  of  agent  was  found  in  the 
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condensate.  Low  agent  recoveries  in  these  experiments  may  be  accounted  for  by 
the  following:  1)  Agent  may  have  been  decomposed  during  the  experiment 
through  interaction  with  either  boiling  FREON  or  a  FREON  contaminant  such  as 
water.  The  FREON  may  have  picked  up  water  vapor  either  from  the  air,  from 
residual  water  in  the  chamber  and  condensate  collection  system,  or  from  the 
pressure  vessel  used  to  supply  FREON  vapor.  2)  Agent  may  have  volatilized 
from  the  condensate  collection  system.  Although  quantitative  capture  of 
agent  in  the  condensate  collection  system  was  not  anticipated,  it  is  unlikely 
that  all  agent  volatilized  and  passed  through  the  system.  3)  FREON  may  form 
an  azeotrope  with  GB.  As  such,  GB  would  be  co-distilled  with  FREON  during  the 
concentration  step  of  the  analysis.  Further  efforts  would  be  required  to 
determine  the  fate  of  agent  in  the  vapor  circulation  experiments;  however, 
additional  experiments  are  not  warranted  unless  further  evaluation  of  the 
vapor  circulation  concept  is  required  in  Subtask  6. 

6.3  Vapor  Circulation  Concept  Conclusions/Recommendations 

Tentative  conclusions  based  on  evaluation  of  the  data  from  the 
vapor  circulation  experiments  are  as  follows: 

t  Eiainless  steel  ccupons  contaminated  with  HD,  or  GB 
can  be  decontaminated  to  below  the  detectable  limit 
by  maintaining  contaminated  coupons  in  contact  with 
FREON  113  vapor  until  the  coupons  are  heated  to  about 
48  C  (i.e.,  boiling  point  of  FREON  113). 

•  Stainless  steel  contaminated  with  VX  can  be  partially 
decontaminated  by  maintaining  the  steel  in  contact 
with  FREON  113  vapor  for  two  hours  after  the  stain¬ 
less  steel  reaches  48  C. 

•  Undecomposed  agent  volatilizes  from  the  coupons 
thereby  requireing  a  method  to  remove/decompose  agent 
contained  in  FREON  vapor  exhausted  from  a  building. 

Decontamination  of  field  structures  will  require  large  quantities 
of  FREON  113  especially  if  the  structure  is  contaminated  with  VX.  Although 
recycle  of  the  FREON  is  possible,  sizable  evaporation  losses  are  expected. 
Observations  made  during  the  vapor  circulation  experiments  indicate  that 
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FREON  113  readily  evaporates  at  room  temperature.  Also,  FR COM  113  is  rela¬ 
tively  expensive.* **  As  such,  further  evaluation  of  the  vapor  circulation 
concept  at  this  time  is  not  recommended.  However,  the  vapor  circulation 
concept  should  be  retained  in  the  event  that  a  replacement  concept  is  required 
for  decontamination  of  G8  or  HD  in  Subtask  6. 


7.0  flashblast  decontamination  concept 


The  Flashblast  Concept  employs  the  use  of  h'gn  intensity  light  to 

f  21 

decontaminate  building  surfaces.  '  The  light,  supplied  from  a  high  inten¬ 
sity  xenon-quartz  strobe  light,  generates  sufficient  heat  on  material  sur¬ 
faces  to  remove  paint  and  rust  and  to  thermally  decompose  surface  contami¬ 
nants.  The  purpose  of  the  experiments  described  below  was  to  determine  the 
decontamination  effectiveness  of  Flushblastirig  by  subjecting  stainless  steel 
test  coupons  contaminated  with  agent  to  high  intensity  light  pulses. 

7.1  Description  of  Flasholast  Experiments 
7.1.1  Flashblast  Aparatus 

The  Flashblast  system  is  illustrated  in  Figure  8.  A  xenon  micro- 
pulser  was  employed  to  supply  pulses  of  energy  to  the  quartz  flash  tube.  The 
micropulser  was  capable  of  supplying  up  to  a  100  joule  pulse  lasting  about  1 
to  10  microseconds  at  a  rate  of  about  3  pulses  per  second.  The  pulses  caused 
the  quartz  flash  tube  to  emit  light  over  a  broad  spectrum  but  primarily  in  the 
2000  to  3000  ?.  regime  (ultraviolet).  The  light  was  directed  to  a  single 
stainless  coupon  located  in  the  center  of  the  chamber.  A  hemispherical  flash 
tube  assembly  lined  with  COILZAK***  was  used  to  hold  the  flash  tube  and  direct 
the  light  to  the  coupon  (see  Figure  9).  The  flash  tube  assembly  maintained 


*  FREON  113  bulk  quantity  =  $0. 89/lb  (Chemical  Marketing  Reporter,  January 
30,  1984). 

**  COILZAK  is  an  aluminized  flexible  material  with  a  reflectivity  of  30  to 

83  percent. 
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the  flash  tube  at  a  distance  of  2.54  cm  from  the  coupon.  Only  one  coupon  was 
decontaminated  in  each  experiment  because  of  constraints  imposed  by  the  size 
of  the  xenon-quartz  flash  tube. 

The  test  chamber  was  exhausted  during  each  experiment  using  a 
vacuum  pump.  It  was  necessary  to  exhaust  the  chamber  because  of  unsealed 
openings  into  the  chamber  required  for  passage  of  the  electrical  leads. 
Ventilation  was  accomplished  by  withdrawing  air  from  the  test  chamber  using  a 
vacuum  pump.  Impingers  were  used  to  tra.D  volatilized  agent  from  the  air 
stream  pulled  through  the  chamber.  The  impinger  trains  contained  either  pH 
3.7  water  for  G8  and  VX,  or  EGDA  for  HD. 

7.1.2  Test  Variables 


The  pr  ary  test  variable  was  the  total  amount  of  energy  supplied  to 
the  test  coupon  in  the  form  of  light.  The  supplied  energy  per  pulse  and  the 
pulse  rate  were  maintained  approximately  constant  for  all  experiments.  In 
order  to  vary  the  amount  of  power  applied,  the  duration  of  the  flashblasting 
was  increased  from  5  minutes  for  the  initial  series  of  experiments  to 
10  minutes  for  the. final  series.  It  is  important  to  note  that  light  intensity 
measurements  were  not  performed  during  the  experiments  because  of  the  un¬ 
desirable  configuration  of  the  flash  tube  assembly  and  the  test  chamber.  The 
amount  of  energy  supplied  to  the  coupon  was  calculated  from  the  voltage  and 
the  capacitance  of  the  micropul ser  assuming  no  loss  by  reflectance.  However, 
energy  losses  occurred  by  1)  conversion  of  electricity  to  light  (about 
40  percent  conversion);  2)  absorbance  by  the  reflector  and  test  chamber;  and 
3)  reflection  from  the  surface  of  the  stainless  steel  coupon. 

7.1.3  Test  Procedure 


One  stainless  steel  coupon  was  placed  in  a  coupon  holder.  The 
coupon  was  then  spiked  with  10  mg  of  agent  using  dilute  agent  solution.  The 
coupon  holder  was  bolted  into  the  center  position  of  the  chamber  and  the 
chamber  lid  was  sealed.  It  is  important  to  note  that  blank  coupons  attached 
to  coupon  holders  were  placed  in  the  left  and  right  positions  of  the  chamber 
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during  f lashblasting.  This  prevented  volatilized  agent  from  contaminating 
the  rear  collection  chamber  (see  Section  3.1.2). 

After  the  chamber  lid  was  secured,  ventilation  of  the  chamber  was 
initiated.  After  about  5  minutes  of  ventilation,  flashblasting  was  started 
and  continued  for  either  5  minutes  (first  six  experiments)  or  10  minutes 
(last  three  experiments).  Ventilation,  which  was  maintained  during  flash¬ 
blasting,  was  continued  for  about  10  minutes  following  the  termination  of 
flashblasting  in  order  to  purge  the  chamber  of  residual  agent.  The  coupon  was 
then  removed  for  analysis.  After  a  set  of  experiments  on  a  particular  agent 
was  complete,  the  impingers  were  removed  and  the  chamber  was  rinsed  with 
hexane.  The  chamber  rinse  and  impinger  were  then  analyzed  for  agent. 

7.1.4  Measurements 


The  following  samples  from  each  Flashblast  experiment  were  quanti¬ 
tatively  analyzed  for  residual  agent: 

•  Coupon 

•  Impingers  (combined  liquids  from  both  impingers) 

•  Chamber  rinse 

Measurements  made  during  the  experiments  included: 

•  Pulse  rate  setting 

•  Voltage  setting 

•  Venti lation/Flashblast  times 

•  Coupon  temperature. 

7.2  Discussion  of  Flashblast  Experimental  Results 

The  results  of  the  Flashblast  experiments  are  discussed  in  the 
following  section.  Actual  data  obtained  from  the  experiments  are  given  in 
Battelle  Laboratory  Record  Book  No.  39108. 

Table  12  gives  a  summary  of  the  operating  conditions  for  the  Flash- 
blast  experiments.  As  shown  in  Table  12,  the  applied  power  was  calculated  to 
be  about  a  total  of  26  kw  for  each  of  the  initial  series  of  experiments.  The 
total  applied  power  was  increased  to  about  49  kw  for  the  final  series  of 
experiments  in  an  effort  to  increase  decontamination  effectiveness. 
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Flashblasting  caused  heating  of  the  stainless  steel  coupons  due  to 
absorption  of  energy  from  the  UV  light  pulses.  The  coupon  temperature  was 
raised  by  as  much  as  22  C  during  the  second  experiment  with  GB.  In  two 
experiments,  temperature  readings  could  not  be  obtained  because  of  arcing 
which  occurred  on  several  of  the  pulses.  Arcing  resulted  in  a  discharge  of 
electricity  from  the  flash  tube  to  the  test  chamber  producing  faulty  readings 
in  the  thermocouple  touching  the  back  surface  of  the  stainless  steel  coupon. 
Arcing  was  probably  caused  by  positioning  the  flash  tube  assembly  too  close  to 
the  coupon  holder  bolts  in  the  test  chamber. 

A  summary  of  the  coupon  decontamination  results  from  the  nine 
Flashblast  experiments  is  given  in  Table  13.  The  results  indicate  that  the 
decontamination  efficiency  was  above  99  percent  in  each  of  the  experiments. 
In  two  of  the  Experiments  GB  (2)  and  HO  (3),  the  coupons  were  decontaminated 
to  below  the  detectable  limit. 

It  was  anticipated  that  the  method  of  decontamination  of  the 
coupons  would  involve  destruction  of  the  agent  by  the  high  intensity  light. 
However,  analysis  of  the  impinger  samples  and  chamber  rinse  samples  from  the 
experiments  indicates  that  decontamination  included  volatilization  of  un¬ 
decomposed  agent  from  the  coupons.  The  results  of  the  impinger  and  chamber 
rinse  analyses,  given  in  Table  14,  show  that  in  Experiment  GB  (3),  essentially 
no  agent  destruction  occurred  because  100  percent  of  the  amount  of  GB  spiked 
was  recovered  in  the  chamber  rinse.  It  is  unlikely  that  flashblasting  alone 
was  responsible  for  this  degree  of  volatilization.  Ventilation  of  the  test 
chamber  may  have  accounted  for  part  of  the  volatilization.  Further  experi¬ 
ments  are  required  to  determine  the  affect  of  ventilation  on  the  volatili¬ 
zation  of  agent  from  coupons  installed  in  the  test  chamber. 

7,3  Flashblast  Concept  Conclusions/Recommendations 

Tentative  conclusions  based  on  evaluation  of  the  data  from  the 
Flashblast  experiments  are  as  follows: 

•  Although  the  coupon  decontamination  efficiency  was 
above  99  percent  in  all  flashblast  experiments,  de¬ 
contamination  to  below  the  detectable  limit  was  ob¬ 
served  in  only  two  of  the  nine  tests 
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TABLE  14.  IMP INGER  AND  CHAM8ER  RINSE  ANALYTICAL 
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•  Decontamination  includes  volatilization  of  undecom¬ 
posed  agent 

•  The  coupon  temperature  increased  during  the  experi¬ 
ments  as  a  result  of  flashblasting. 

Based  on  the  results  of  the  flashblast  experiments,  further  evaluation  of  the 
flashblast  concept  is  not  suggested  because: 

•  A  supplementary  process  which  destroys  volatilized 
agent  is  required  for  flashblasting 

•  High  voltage  (9,000+  volts)  operation  requires  high 
power  requirements  when  decontaminating  large  areas 
and  special  safety  requirements  for  operating 
personnel  (UV  light  and  high  voltage) 

•  Decontamination  of  complex  building  configurations 
is  impractical  because  of  the  configuration  of  the 
flashblast  lamp 

•  Because  the  flashblast  lamp  emits  light  in  the  UV 
range,  the  penetration  of  light  into  concrete  and 
painted  surfaces  is  expected  to  be  minimal. 

However,  experiments  involving  ventilation  of  the  test  chamber  con¬ 
taining  spiked  coupons  are  suggested.  The  experiments  will  serve  as  part  of 
the  baseline  data. 


8.0  OPAB  DECONTAMINATION  CONCEPT 


The  OPAB  concept  involves  decontamination  by  spray  application  of 
an  aqueous  solution  of  1-octyl -pyridini urn  4-aldoxime  bromide  (OPAB),  OPAB  has 
the  following  chemical  structure: 


C8H17 


-CH-NOH 
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The  specifications  of  the  decontamination  solution  are  as  follows: 

•  5  percent  OPAB* 

t  1  percent  foam  stabilizers 

•  5  percent  anti-freezing  agent  (poly-ethylene  glycol) 

•  89  percent  water. 

The  selection  of  0PA8  for  experimental  evaluation  was  based  on  studies  per¬ 
formed  at. Battel le-Frankfurt  (sponsored  by  the  German  Defense  Ministry)  which 

indicated  OPAB  to  be  highly  effective  in  decontaminating  VX.  Beaker  tests 

(31 

performed,  during  the  Chemical  Prescreening  Studies^  '  demonstrated  the 
effectiveness  of  OPAB  in  decontaminating  GB  and  HD.  The  purpose  of  the 
experiments  described  below  was  to  determine  the  decontamination  effective¬ 
ness  of  OPAB  on  stainless  steel  coupons  when  applied  in  the  form  of  a  spray. 

8.1  Description  of  OPAB  Experiments 

8.1.1  OPAB  Application  Apparatus 

The  OPAB  application  apparatus  is  illustrated  in  Figure  10.  A 

5  percent  solution  of  OPAB  was  placed  in  a  pressure  vessel  and  the  vessel  was 

pressurized  to  6.8  atm.**  The  OPAB  solution  was  then  directed  through  three 

identical  spray  nozzles.**  The  spray  nozzles  were  oriented  in  the  test  chamber 

such  that  the  spray  from  each  nozzle  completely  covered  one  of  the  three  test 

coupons  (10.16  cm  circle).  Each  nozzle  provided  a  spray  of  coarse  water 

particles  (150  to  750  microns  in  diameter)  at  a  flow  rate  of  about 

0.76  liter/min.**.  This  flow  rate  was  maintained  for  a  period  of  from  one  to 

two  seconds  for  each  spray  application  thereby  providing  a  coverage**  of  about 
o 

1.5  to  3.0  liter/m  of  coupon  area/spray.  Runoff  liquid  from  spraying  was 
drained  into  the  sumps  of  the  test  chamber  and  then  into  collection  vessels  as 
illustrated  in  Figure  10. 


*  A  concentrated  OPAB  solution  was  obtained  from  Battel le-Frankfurt.  The 
5  percent  solution  was  prepared  from  the  concentrate  by  dilution  of  1  part 
concentrate  to  3  parts  water. 

**  The  supply  pressure,  nozzle  type,. /.low  rate  and  coverage  were  based  on 
results  from  the  Diffusion  Studies'^'. 
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FIGURE  10.  OPAB  APPLICATION  EQUIPMENT  ARRANGEMENT 


8.1,2  Test  Variables 


The  nozzle  type,  supply  pressure,  flow  rate  and  coverage  were  main¬ 
tained  approximately  constant  for  all  of  the  OPAB  experiments.  The  primary 
test  variables  were  then  1)  the  total  number  of  sprays  and  2)  the  time  inter¬ 
val  between  sprayings.  In  the  initial  set  of  experiments,  the  spray  applica¬ 
tion  was  repeated  10  times  at  5-minute  intervals.  In  the  final  set  of  experi¬ 
ments,  the  spray  application  was  repeated  10  times  at  intervals  suggested 
from  results  of  the  Chemical  Prescreening  Studies*^. 

8.1.3  Test  Procedure 


Three  stainless  steel  coupons  were  placed  in  coupon  holders  and 
then  each  coupon  was  spiked  with  10  mg  of  agent  using  dilute  agent  solution. 
The  coupon  holders  were  bolted  into  the  chamber  and  the  chamber  lid  was 
secured.  The  spray  application  was  then  initiated  and  repeated  ten  times  at 
the  desired  time  interval. 

Following  completion  of  the  sprayings,  the  coupons  were  removed 
from  the  chamber  and  the  chamber  was  rinsed  with  isopropyl  alcohol  followed  by 
hexane.  Liquid  collected  in  the  sump  of  the  test  chamber  was  not  analyzed 
directly  but,  rather,  was  stored  for  a  sufficient  period  (i.e.,  overnight)  to 
allow  decontamination  of  undecomposed  agent  which  may  have  been  physically 
removed  from  the  coupons  by  the  action  of  the  spray. 

8.1.4  Measurements 


The  following  samples  from  each  OPAB  experiment  were  collected  for 
quantitative  analysis  of  residual  agent: 

•  Coupon  (three  separate  analyses) 

•  Sump  liquid  (combined  liquids  collected  throughout  the  experi¬ 
ment) 

•  Chamber  rinse. 

Measurements  made  during  the  experiment  included: 

•  Supply  pressure 
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•  Amount  of  liquid  collected  in  the  sump  collection 
system  versus  time 

•  Number  of  sprays 

•  Time  interval  for  spraying. 

8.2  Discussion  of  OPAB  Experimental  Results 

The  results  of  the  OPAB  experiments  are  discussed  in  the  following 
section.  Actual  data  obtained  from  the  experiments  a, e  recorded  in  Battelle 
Laboratory  Record  Book  No.  39108. 

A  summary  of  the  operating  conditions  for  the  OPAB  experiments  is 

given  in  Table  15.  As  shown  in  Table  15,  the  desired  coverage  of  1.5  to 
2 

3.0  liter/m  /spray  was  obtained  for  all  experiments.  It  is  important  to  note 
that  blockage  of  the  test  chamber  drain  lines  occurred  during  the  second  VX 
experiment.  The  blockage  was  caused  by  the  formation  of  a  precipitate  in  the 
spent  OPAB  solution.  It  is  not  known  whether  the  precipitate  had  formed  in 
the  OPAB  solution  stored  in  the  pressure  vessel  or  as  the  OPAB  was  being 
sprayed. 

A  summary  of  the  coupon  decontamination  results  from  the  six  OPAB 
experiments  is  given  in  Table  16.  The  results  indicate  that  OPAB  is  highly 
effective  in  decontaminating  GB  contaminated  stainless  steel.  High  decon¬ 
tamination  efficiencies  were  also  observed  for  HD  and  VX.  In  the  first  series 
of  experiments,  a  time  interval  of  5  minutes  was  selected  based  on  results 
from  the  Diffusion  Studies.  Because  incomplete  decontamination  was  observed 
for  VX  and  HD,  the  time  interval  was  increased  to  allow  more  time  for  the  OPAB 

to  react  with  the  agent  on  the  coupon.  Results  from  the  Chemical  Prescreening 
( 3} 

Studies'  ‘  indicate  that  about  180  and  240  minutes  are  required  to  decontami¬ 
nate  VX  and  HD,  respectively.  As  such,  10  sprays  at  a  time  interval  of 
18  minutes  were  selected  as  the  conditions  for  the  second  VX  experiment.  Ten 
sprays  at  a  time  interval  of  24  minutes  were  selected  as  t!.e  conditions  for 
the  second  HD  experiment.  The  results  of  the  HD  experiments  indicate  that 
increasing  the  time  interval  to  24  minutes  resulted  in  an  increase  in  the 
decontamination  efficiency  by  an  order  of  magnitude  over  the  5  minute  time 
interval  experiment.  The  data  suggests  that  a  further  increase  in  the  time 
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following  the  experiment.  A  precipitate  had  formed  in  the  OPAB  solution  vjhich 
caused  blockage  of  the  test  chamber  drain  lines. 


TABLE  16,  COUPON  DECONTAMINATION  RESULTS  FROM  SIX  OPAB  EXPERIMENTS 
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(d)  OPAB  solution  may  have  degraded  during  spraying. 
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interval  to  30-40  minutes  should  result  in  decontamination  to  below  the 
detectable  limit. 

The  results  of  the  VX  experiments  indicate  that  the  decontamination 
efficiency  did  not  increase  when  the  time  interval  was  increased  to 
18  minutes.  This  can  be  explained  as  follows.  In  the  second  VX  experiment, 
precipitate  was  formed  in  the  OPAB  solution  which  caused  blockage  of  the 
chamber  drain  lines.  The  precipitate  indicates  that  the  OPAB  solution  may 
have  partially  degraded  while  in  the  supply  vessel.*  Although  the  OPAB  may 
have  degraded  a  high  decontamination  efficiency  was  observed.  Further  ex¬ 
periments  using  freshly  prepared  OPAB  are  required  to  substantiate  the  decon¬ 
tamination  efficiency  of  OPAB  for  VX  contaminated  stainless  steel. 

Difficulties  were  encountered  in  the  extraction/concentration  of 
the  sump  samples  from  the  OPAB  experiments  in  preparation  for  analyses. 
Attempts  to  extract  the  aqueous  sump  samples  with  hexane  were  unsuccessful 
because  OPAB  (or  its  decomposition  products)  was  extracted  into  the  hexane 
phase.  Subsequent  attempts  to  concentrate  the  hexane  by  evaporation  resulted 
in  formation  of  a  viscous  liquid  which  could  not  be  analyzed  by  GC.  Concen¬ 
tration  of  the  sump  liquid  without  extraction  was  not  possible  because  GB  will 
boil  over  with  the  water  which,  in  the  form  of  steam,  will  destroy  any 
residual  GB. 

The  difficulties  in  extraction  may  be  caused  by  either  the  de¬ 
gradation  of  OPAB  solution  or  by  the  degree  of  concentration  required  in  order 
to  analyze  the  extracts.  Previous  studies  involving  relatively  fresh  OPAB^ 
showed  that  extraction  of  OPAB  solution  with  organic  Solvents  were  successful 
in  that  most  of  the  OPAB  remained  in  the  aqueous  phase.  These  studies 
involved  extraction  of  10  ml  of  OPAB  solution  with  10  ml  of  methylene 
chloride.  The  methylene  chloride  was  then  concentrated  by  solvent  evapora¬ 
tion  to  about  1  ml.**  In  the  stainless  steel  tests,  however,  much  larger 
quantities  of  older  OPAB  solution  (about  500ml)  required  extraction  with 


*  It  is  important  to  note  that  the  OPAB  used  in  the  tests  was  obtained  from 
Battel le-Frankfurt  (received  October  1983)  as  a  concentrate  dissolved  in 
water.  OPAB  may  have  a  finite  shelf-life  in  this  form.  The  solid  material 
should  be  stable. 

** .  The  concentrated  extract  was  slightly  colored  indicating  the  presence  of 
OPAB.  306 
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50  ml  of  solvent.  Although  even  if  fresh  0PA8  may  be  only  slightly  soluble  in 
the  organic  solvent,  the  concentration  of  50  ml  of  solvent  to  one  ml  could 
result  in  a  concentrated  solution  of  OPAB.  OPAB,  which  is  relatively  non¬ 
volatile,  would  not  be  evaporated  with  the  solvent  during  concentration. 

Because  of  the  concentration  difficulties,  no  analyses  of  the  sump 
liquid  from  the  OPAB  stainless  steel  experiments  were  performed.  However, 
based  on  the  Chemical  Prescreening  Studies,^  it  is  unlikely  that  unde¬ 
composed  agent  would  be  found  in  the  solutions.  In  field  decontamination,  the 
sump  liquid  could  be  allowed  to  stand  for  several  days  prior  to  reuse/disposal 
to  ensure  complete  decomposition  of  residual  agent. 

8.3  OPAB  Concept  Conclusions/Recommendations 

Tentative  conclusions  based  on  evaluation  of  the  data  from  the  OPAB 
experiments  are  as  follows: 

•  Stainless  steel  contaminated  with  GB  can  be  decon¬ 
taminated  to  below  the  detectable  limit  by  spraying 
with  OPAB  solution  every  5  minutes 

•  Results  suggest  stainless  steel  contaminated  with  HD 
or  VX  can  be  decontaminated  to  below  the  detectable 
limit  by  spraying  with  OPAB  solution  if  the  spray 
time  interval  is  greater  than  24  minutes 

•  Attempts  to  analyze  the  sump  liquid  for  residual 
agent  were  unsuccessful. 

Based  on  the  experimental  results,  further  evaluation  of  the  OPAB  concept  is 
suggested.  However,  because  of  possible  degradation  of  OPAB  concentrate,  the 
subsequent  experiments  should  utilize  freshly  prepared  OPAB  solution.  A 
fresh  source  of  1-octyl  pyridinium  4-aldoxime  bromide  is  needed  to  do  this. 

9.0  CONCLUSIONS 


A  summary  of  the  coupon  decontamination  results  from  the  experi¬ 
mental  concept  evaluation  is  given  in  Table  17.  Based  on  analysis  of  the 
results  further  evaluation  of  the  following  concepts  is  suggested: 
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•  Hot  Gases 

•  Steam 

•  OPAB 

Suggested  starting  conditions  in  the  Steel/Concrete  Tests 
(Subtask  6)  for  the  Hot  Gas  and  Steam  concepts  are  given  in  Table  17.  The 
OPAB  concept  will  require  further  evaluation  using  stainless  steel  coupons  in 
order  to  confirm  that  OPAB  is  capable  of  decontaminating  stainless  steel 
contaminated  with  HD  or  VX  to  below  the  detectable  limit.  Because  the  OPAB 
currently  in  storage  may  have  degraded,  any  additional  efforts  should  use  a 
source  of  freshly  prepared  OPAB  solution. 

The  Flashblast  test  results  suggest  that  ventilation  of  the  test 
chamber  may  cause  agent  volatilization.  As  such,  ventilation  tests  are 
suggested  in  which  coupons  are  spiked  with  agent  and  placed  in  the  test 
chamber.  The  chamber  would  then  be  ventilated  with  nitrogen  under  a  slightly 
reduced  pressure.  The  exhaust  from  the  chamber  would  then  be  passed  through 
impingers.  Following  the  experiment,  the  coupons  and  impinger  will  be 
analyzed  for  agent.  The  results  of  these  experiments  will  also  serve  as  a 
baseline  for  concepts  employing  circulating  gases. 


309 


I V- 68 


REFERENCES 


1)  "Analytical  Method  Development  for  Chemical  Agents  on  Building 
Materials",  Letter  Report  on  Contract  DAAK11-81-C'0101  to  USATHAMA, 
October  14,  1983  by  B.  C.  Garrett. 

2)  "Development  of  Novel  Decontamination  Techniques  for  Cherrrcal  Agents 
(GB,  VX,  HD)  Contaminated  Facilities",  by  H.  M.  Grotta  et  a  1  - ,  Volume  II, 
AD-B073  034L,  February,  1983. 

3)  "Test  Report  for  Task  3,  Subtask  3:  "Chemical  Concepts  Preliminary 
Screening",  by  S.M.  Tausheck  et.  a!.,  (See  Appendix  II). 

4)  "Test  Report  for  Task  3,  Subtask  4:  Diffusion  Studies",  by  E.R.  Zamejc, 
J.  D.  Underwood  and  E.J.  Mezey,  (See  Appendix  III), 


310 


APPENDIX  V 


rnm 


SUBTASK  6.  STEEL/CONCRETE  TESTS 


311 


« 


< 


< 


I 


< 


TEST  REPORT 


FOR 

TASK  3  SUBTASK  6 

STEEL/CONCRETE  DECONTAMINATION  TESTS 
to 

UNITED  STATES  ARMY 

TOXIC  AND  HAZARDOUS  MATERIALS  AGENCY 


by 

E.R.  Zamejc 
O.K.  Wetzel 
E.J.  Mezey 


3ATTELLE 

Columbus  Laboratories 
505  King  Avenue 
Columbus,  Ohio  43201 


PBFVIOU5  PAGE 
IS  BLANK 


313 


EXECUTIVE  SUMMARY 


Three  decontamination  concepts  (steam,  hot  gas  and  OPAB)  were 
evaluated  for  their  effectiveness  in  removing  agent  from  contaminated  painted 
and  unpainted  mild  and  stainless  steel  surfaces,  concrete  and  unglazed 
porcelain.  Also,  a  comparison  was  made  between  the  solvent  extraction/gas 
chromatography  method  and  the  air  sampling/enzyme  inhibition  method  for  agent 
surface  analyses . 

Results  of  the  steam  experiments  suggest  that  the  materials  of 
interest  can  be  decontaminated  to  below  the  detectable  limit.  Undecomposed 
agent  can  be  volatilized  from  the  contaminated  surface  during  the  process. 

Results  of  the  hot  gas  experiments  suggest  that  the  materials 
of  interest  can  be  decontaminated  to  below  the  detectable  limit.  Undecom¬ 
posed  agent  can  be  volatilized  from  the  contaminated  surface  during  the 
process. 

Results  o*  the  OPAB  experiments  suggest  that  painted  and  unpointed 
mild  and  stainless  steel  can  be  decontaminated  to  beiow  the  detectable 
limit.  Over  99  percent  of  the  HD  spiked  onto  concrete  and  the  GB  spiked 
onto  porcelain  was  decontaminated  by  OPAB.  VX  contaminated  porcelain  was 
decontaminated  to  below  the  detectable  limit. 

Thus,  the  steam  and  hot  gas  concept  should  be  further  evaluated 
in  Subtask  7  for  an  engineering/economic  analysis.  Further  evaluations 
of  the  OPAB  concept  should  focus  on  specific  applications  such  as  decon¬ 
tamination  of  pipes,  tanks  and  sumps  and  as  a  protective  coating  during 
application  of  the  hot  gas  and  steam  concept. 
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TASK  3,  SUBTASK  6 
TEST  REPORT 
FOR 

STEEL/CONCRETE*  DECONTAMINATION  TESTS 
CONTRACT  DAAK11-81-C-0101 
to 

UNITED  STATES  ARMY 

TOXIC  AND  HAZARDOUS  MATERIALS  AGENCY 


1.0  INTRODUCTION 


As  part  of  the  systematic  selection  process  for  the  most-promising 
agent  decontamination  concepts,  five  concepts  (i.e.,  Hot  Gases,  Vapor  Circu¬ 
lation,  Steam,  OPAB  and  Flashblast)  were  evaluated  using  unpainted  304 
stainless  steel  contaminated  with  either  HD,  GB  o>~  VX  as  the  test  substrate. ^ 
Based  on  the  results  of  these  tests  the  following  concepts  were  selected 
with  USATHAMA's  concensus  for  further  experimental  evaluations  in  the  Subtask  6 
Steel/Concrete  tests. 

•  Hot  Gases 

•  Steam 

•  OPAB  (aqueous  solution  of  1-octylpyridinium  4-aldoxime 
bromide) 

2.0  OBJECTIVE 

The  objective  of  this  subtask  was  to  evaluate  three  concepts 
for  their  decontamination  effectiveness  of  painted  and  unpainted  mild  steel, 
painted  stainless  steel,  and  painted  and  unpainted  concrete  contaminated 
with  HD,  GB,  or  VX  as  the  test  substrates*. 


*  Unglazed  porcelain  was  substituted  for  concrete  in  the  GB  and  VX  tests. 
Painted  concrete  was  not  evaluated  in  the  tests  because  of  analytical 
i nterferences. 
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Results  of  Subtask  6  experiments  are  to  be  used  to  select  the 
most  promising  concept(s)  (i.e.,  those  concept(s)  which  effectively  decon¬ 
taminated  the  test  substrates)  for  an  engineering/economic  evaluation  in 
Subtask  7. 

3.0  APPROACH 


A  description  of  the  decontamination  test  chamber,  coupons  and 
analytical  procedures  follows  in  the  next  section.  The  vapor  sampling 
apparatus  and  test  procedures  are  described  in  Section  7.0. 

3.1  Test  Chamber  Description 

A  detailed  description  of  the  decontamination  test  chamber  is 
given  in  Reference  1. 


3.2  Coupon  Description 

The  steel  coupons  used  in  the  Subtask  5  tests  consisted  of  either 
14  gauge  304  stainless  steel  or  14  gauge  mild  steel.  Each  coupon  measured 
5  inches  by  5  inches. 

Painted  mild  steel  and  stainless  steel  coupons  were  prepared 
using  the  following  procedure: 

1.  Coupons  were  cleaned  in  hexane. 

2.  Stainless  steel  coupons'  surfaces  were  roughened  with  fine 
sandpaper  in  order  to  aid  adherence  of  paint. 

3.  One  coat  of  Krylon  green  primer  No.  1346  (conforms  to  MIL- 

P -8585 )  was  applied  and  allowed  to  dry  for  one  to  three  hours. 

4.  Two  coats  of  forest  green  alkyd  paint,  NSN-8010-00- 1 11-7937 
(conforms  to  MIL-E-52798A)  were  applied,  allowing  each  coat 
to  dry  for  24  hours. 

5.  Painted  coupons  were  allowed  to  cure  under  ambient  conditions 
for  at  least  two  weeks  prior  to  testing. 
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A  description  of  the  concrete  coupons  used  in  the  HO  decontami¬ 
nation  tests  is  given  as  follows: 

•  Composed  of  a  mortar  mix  (i.e.,  sand,  cement  and  water). 

The  preparation  method  is  given  in  Reference  2. 

•  1/4  inch  thick  by  5  inches  square 

•  Porosity  of  about  12  percent 

•  Aged  at  ambient  conditions  for  about  12  months. 

A  description  of  the  unglazed  porcelain  coupons  used  in  the  GB 
and  VX  decontamination  tests  is  given  as  follows. 

•  Source  -  American  Glean  Tile  Co. 

•  1/4  inch  thick  by  5  inches  square 

t  Porosity  of  about  32.0  percent. 

3.3  Coupon  Spiking  Method 

3.3.1  Steel  Coupons 

Each  coupon  used  in  the  steel  decontamination  tests  was  spiked 
with  munition  grade  agent  containing  about  10  mg  of  HD,  GB  or  VX.  The 
agent  was  diluted  with  hexane  to  obtain  concentrations  of  1  mg  VX/ml,  2  mg 
GB/ml  or  10  mg  HD/ml.  Thus,  in  order  to  spike  the  coupon  with  10  mg  of 
agent,  a  total  of  1  ml  of  dilute  HD  solution;  5  ml  of  dilute  GB  solution; 
or  10  ml  of  dilute  VX  solution  was  applied  to  each  coupon. 

Recovery  tests  were  performed  in  which  alkyd  painted  stainless 
steel  and  unpainted  mild  steel  coupons  were  spiked  with  HD,  G3,  or  VX  using 
dilute  agent  solutions.  The  coupons  were  then  extracted  with  hexane  and 
the  extractant  analyzed  for  agent  using  established  procedures^.  The 
recovery  efficiency  (i.e.,  the  amount  of  agent  extracted  divided  by  the 
amount  of  agent  spiked)  of  agent  from  the  steel  coupons  was  then  determined. 
The  results  of  the  recovery  tests  are  given  in  Table  1. 

The  high  recovery  efficiencies  shown  in  Table  1  demonstrated 
that  spiking  painted  and  unpainted  steel  coupons  with  dilute  agent  solutions 
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TABLE  1 


RECOVERY  EFFICIENCY  OF  HD,  SB,  AND  VX 
FROM  ALKYD  PAINTED  STAINLESS  STEEL 
AND  UNPAINTED  MILD  STEEL 


Aqent 


Material 


Recovery 

Efficienc 


Average  Recovery 
Efficiency 
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was  feasible.  The  average  recovery  efficiencies  were  used  in  subsequent 
analyses  to  calculate  the  decontamination  efficiency  as  follows; 

Residual  Agent  on 

Decontaminated  Coupon  (mg)  =  Result  of.  SC  Analysis  (mg) 

Recovery  Efficiency 

10  mg  -  Residual  Agent  on 
_ Decontaminated  Coupon 

10  mg 


100 


Decontamination  Efficiency  {%)  = 


3.3.2  Concrete  Coupons 


Concrete  coupons  that  were  used  in  the  HD  decontamination  tests 
were  spiked  with  neat  (i.e.,  undiluted  agent)  at  a  dose  level  of  1.3  mg 
HD/gm  concrete.  The  coupons  were  spiked  following  mounting  in  the  test 
chamber  in  order  to  minimize  handling.  The  coupon  spiking  was  performed 
with  a  1000  pi  syringe  which  allowed  dosing  the  coupon  with  dispersed  drops 
of  agent  that  were  quickly  absorbed  into  the  porous  matrix. 

The  1.8  mg  HD/gm  concrete  spiking  level  was  based  on  related 
(3) 

studies/  '  To  determine  the  volume  of  agent  required  for  spiking,  ten 
coupons  were  weighed  and  a  mean  weight  of  210  gms  was  obtained.  The  volume 
of  HD  spiked  onto  each  coupon  ws  then  calculated  as  follows: 


Volume  HD(pl) 
coupon 


210  gms  concrete/coupon  x  1.8  mg  HD/gm  concrete 
1.27  mg  HD/pl 

298  pi  HD/coupon 


For  the  initial  recovery  efficiency  tests,  the  coupons  were  spiked 

with  HD  and  extracted  with  hexane.  Hexane  was  the  first  choice  as  the 

extractant  because  of  its  use  in  the  painted  steel  extraction  tests  and 
(3) 

other  studies/  Also,  hexane  does  not  extract  agent  interfering  components 
from  the  alkyd  paint  used  in  this  study.  The  results  of  the  HD  recovery 
tests  using  hexane  are  given  in  Table  2.  Because  the  recovery  efficiencies 
were  lower  than  anticipated,  the  tests  were  repeated  using  methylene  chloride 
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TABLE  2. 

RECOVERY  EFFICIENCY 

OF  HD  FROM 

CONCRETE 

Exposure 

Recovery 

Average  Recovery 

Extractant 

Time(a)  min 

Efficiency 

Efficiency 

Hex, 

ane 

0 

0.30 

0 

0.22 

0.28 

0 

0.33 

! 

1440 

0.0075) 

1440 

0.0010 

0.0077 

1 

r 

1440 

0.0145 ' 

Methylene  Chloride 

0 

0.57 

0 

0.59 

0.59 

0 

1440 

1440 

1440 


0.60 

0.12 

0.02 

0.009 


0.05 


(a)  The  exposure  time  is  the  period  of  time  between  spiking  and  extracting 
the  coupon.  This  time  does  not  include  a  30  minute  period  required 
to  crush  the  concrete  coupons. (3) 
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as  the  extractant.  The  results  of  these  tests  indicate  that  methylene 
chloride  is  preferred  over  hexane  to  extract  HD  from  concrete.  Although 
a  low  recovery  efficiency  was  observed,  the  recovery  is  such  that  at  least 
a  99.3  percent  decontamination  efficiency  would  be  observable: 

•  378  mg  HD  (Spiking  Level}  x  .01  (Worst  case  recovery 
in  24  hours)  =  3.78  mg  HD 

•  3.78  mg  x  150  mL  extraction  solvent  =  25  yg/mL  HO 

•  .05  yg/mL  (Detection  limit  for  HD)/25  yg/mL  (Concentration 
of  HD  in  extracts)  =  0.2%  Detection  or  99.3*  Decontamination 
Efficiency. 

Sample  concentration  was  used  to  increase  the  observable  decon¬ 
tamination  efficiency.  For  example,  when  the  extraction  solvent  is  concen¬ 
trated  to  10  ml,  the  observable  decontamination  efficiency  is  (0.05/(3.73x10  ml)) 
=  99.993  percent. 

It  is  important  to  note  that  because  methylene  chloride  is  used 
as  the  extractant,  the  evaluation  of  painted  concrete  decontamination  could 
not  be  performed  because  of  extraction  of  i nterferences  from  the  alkyd 
paint.  However,  tentative  conclusions  may  still  be  reached  upon  comparison 
of  the  data  from  the  painted  steel  decontamination  tests  with  the  unpainted 
concrete  test  data. 

3.3.3  Unqlazed  Porcelain 

Investigations  into  the  fate  of  agent  on  concrete  indicate  that 

G3  and  VX  are  either  decomposed  or  rendered  unextractable  by  an  interaction 

with  concrete  even  after  a  relatively  short  exposure  period  (i.e.,  several 
(3) 

hours).  ‘  As  such,  an  alternative  material  (i.e.,  unglazed  porcelain) 
was  evaluated  which  was  more  inert  to  the  agents  and  had  similar  properties 
(i.e.,  porosity)  to  concrete.  The  results  of  G3  and  VX  recovery  tests 
are  described  as  follows. 

A  spiking  level  of  1.8  mg  of  neat  G3  or  VX/gm  of  porcelain  was 
selected  for  the  recovery  tests.  At  a  mean  weight  of  215.6  gm/porcelain 
coupon*,  the  volume  of  agent  spiked  per  coupon  was: 

*  Average  weight  of  10  coupons 
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GB  Volume  =  215.6  gm/coupon  x  1.8  gm  G3/g:n  i  1.09  mg/ul 
=  356  yl  of  neat  G3 

VX  Volume  =  215.6  gm/coupon  x  1.8  gm  VX/gm  f  1.0083  mg,  yl 
=  385  yl  of  neat  VX 

The  initial  test  focused  on  the  recovery  of  GB  from  intact  (i.e., 
not  crushed  prior  to  extraction)  coupons.  The  results  of  duplicate  experi¬ 
ments  revealed  no  measurable  chromatographic  peaks  (i.e.,  recovery  efficiency 
less  than  0.01).  The  second  test  involved  spiking  with  neat  agent,  crushing 
the  porcelain,  and  extracting  the  pieces  with  either  hexane  or  methylene 
chloride.  The  porcelain  was  crushed  such  that  the  pieces  were  capable 
of  passing  through  a  524/40  ground  glass  joint  (i.e.,  about  1/2  inch  in 
diameter) . 

Results  of  the  VX  recovery  tests  given  in  Table  3  indicate  that 
the  use  of  methylene  chloride  as  a  solvent  is  preferred  over  hexane.  An 
acceptable  VX  recovery  of  22  percent  was  obtained  after  a  24  hour  exposure 
period.  With  a  detection  limit  of  5  yg  VX/'  ml,  Ur',  a  analytical  method  would 
be  capable  of  determination  of  a  99  percent  decontamination  effectiveness. 

A  higher  decontamination  effectiveness  could  be  obtained  if  the  extract 
is  concentrated. 

The  GB  recovery  test  results  given  in  Table  3  indicate  that  less 
than  one  percent  of  the  spiked  GB  is  extractable  after  1440  hours.  The 
lower  recovery  of  GB  as  compared  with  VX  may  be  explained  by  the  higher 
volatility  of  GB.  It  is  important  to  note  that  GB  decontamination  tests 
using  unglazed  porcelain  were  still  performed  despite  the  low  recovery 
in  order  to  obtain  information  on  diffusion  of  G3  through  the  porous  porcelain 
In  these  tests  the  extract  from  the  coupons  were  concentrated  at  least 
tenfold  to  confirm  decontamination. 

3.4  Analytical  Methodology 

The  samples  generated  from  an  experiment  which  were  quantitatively 
analyzed  for  agent  included  1)  painted  and  unpainted  steel  coupons,  2)  con- 
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TABLE 

3. 

RECOVERY  EFFICIENCY  OF  GB  AND 

VX  FROM 

UN 

GLAZED  PORCELAIN 

Exposure 

Recovery 

Average  Recovery 

Agent 

Extractant 

Time/'3'1  min  E 

ff iciency 

Efficiency 

V 

X 

He> 

<ane 

0 

0.60  i 

0 

0.58 

3.55 

0 

0.46  ' 

1440 

0.037  , 

1 

1440 

-=0.01 

0.01 

f 

1440 

-0.01 

1 

Methylene  Chloride 

0 

0.78  , 

0 

0.47  ' 

0.63 

1440 

0.20  i 

’ 

' 

1440 

0.23  » 

0.22 

G8 

Methylene  Chloride 

0 

0.21  | 

1 

0 

0.14  ' 

0.18 

1440 

A 

o 

o 

i — ‘ 

1 

1 

1440 

-0.01 1 

-0.01 

a)  The  exposure  time  is  the  period  of  time  between  spiking  and  extracting  the 
coupon.  This  time  does  not  ■include  a  30  minute  period  required  to  crush 
the  porcelain  coupon. 
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Crete  and  unglazed  porcelain  coupons,  3)  impinger  solutions,  4)  condensates 
and  5)  chamber  rinse  solution.  The  following  analytical  procedures  were 
used.  Actual  analytical  data  is  given  in  3attelle  Laboratory  Record  3ook 
Nos.  39546  and  39876. 

3.4.1  Steel  Coupons 

The  steel  coupons  were  individually  extracted  by  immersion  in 
50  mis  of  hexane.  Methylene  chloride  was  not  used  for  extraction  because 
it  also  extracts  paint  components.  The  coupons  were  allowed  to  soak  in 
the  hexane  for  about  5  minutes.  The  hexane  was  collected  and  then  concen¬ 
trated  to  one  ml  using  a  Kuderna-Danish  evaporative  concentrator  prior 
to  analysis. 

The  concentrate  was  analyzed  by  either  a  Carlo  Erba  Gas  Chromato¬ 
graph  equipped  with  a  Flame  Ionization  Detection  (FID)  system  or  a  Hewlett- 
Packard  Gas  Chromatograph  equipped  with  a  Flame  Photometric  Detection  (FPD) 
system*  and  a  Hewlett-Packard  Autosampler.  Both  chromatographs  were  equipped 
with  a  C"  meter  glass  capillary  column  coated  with  SE-52  phase.  Data  handling 
and  storage  was  accomplished  with  a  Hewlett-Packard  1000  computer  using 
Computer  Imaging  Inquiry  Systems  Inc.  CALS  (computer  automated  laboratory 
system)  software. 

Standard  solutions  containing  known  concentrations  of  agent  (e.g., 

10  ppm,  1  ppm,  0.1  ppm)  were  regularly  used  for  preparation  of  calibration 
curves.  The  standards  were  analyzed  at  the  same  conditions  as  the  samples. 
Analyses  of  the  standard  solutions  indicated  that  the  lower  detection  limit 
for  all  agents  was  about  0.1  yg/ml . 

3.4.2  Concrete  and  Unqlazed  Porcelain  Coupons 

Toe  concrete  and  unglazed  porcelain  coupons  were  crushed  to  pieces 
less  than  about  1/2  inch  in  cross-section.  The  pieces  were  passed  through 
a  524/40  ground  glass  joint  into  an  Erlenmeyer  flask.  150  ml  of  methylene 

*  Phosphorus  mode  for  GB  and  VX,  sulfur  mode  for  HD. 
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chloride  was  then  added  and  the  mixture  was  then  allowed  to  stand  for  15  minutes. 
Methylene  chloride  rather  than  hexane  was  used  because  of  its  higher  extraction 
efficiency  (See  Tables  2  and  3).  During  extraction,  the  mixture  was  periodically 
agitated.  After  about  15  minutes  the  methylene  chloride  was  decanted  from 
the  solid.  The  decant  was  then  concentrated  and  analyzed  in  the  same  method 
as  described  in  Section  3.4.1. 

3.4.3  Impingers 

An  impinger  train  was  used  to  collect  vaporized  agent  contained 
in  the  chamber  exhaust  stream  from  the  hot  gas  concept  tests.  Exhaust 
gas  was  orawn  through  the  impinger  train  at  a  rate  of  25  to  40  liter/min. 

The  impinger  train  consisted  of  2-500  ml  Greenberg-Smith  impingers  in  series. 

100  ml  of  ethylene  glycol  diacetate  (EGDA)  solution  was  placed  in  each 
impinger  used  during  the  HD  experiments  while  100  ml  of  pH  4.5  H^SO^/d isti 1  led 
water  solution  was  placed  in  each  impinger  used  during  the  GB  and  VX  experiments. 

Because  agent  may  diffuse  through  the  porous  concrete  or  unglazed 
porcelain  coupons  during  application  of  the  steam  and  hot  gases  concept, 
the  portion  of  the  test  chamber  behind  the  coupons  (i.e.,  opposite  to  the 
side  of  the  coupon  spiked  with  agent)  was  sampled  during  these  experiments. 
Sampling  entailed  drawing  a  nitrogen  bleed  of  2  to  6  liter/min  through 
the  rear  chamber  and  then  through  two  25  ml  impingers  in  series.  The  25  ml 
impingers  each  containing  10  ml  of  impinger  solution  were  not  used  during 
the  steel  decontamination  tests. 

Following  an  experiment,  the  volume  of  each  impinger  was  recorded. 

The  solution  was  then  stored  at  -5  C  until  analysis  could  be  completed. 

The  EGDA  used  for  the  collection  of  HD  was  analyzed  for  the  presence 
of  HD  by  Gas  Chromatography/Hal  1  Detection.  This  procedure  gave  a  detection 
limit  of  about  0.2  pg/ml .  The  EGDA  was  analyzed  without  prior  concentration. 

The  4.5  pH  water  was  analyzed  directly  for  the  presence  of  VX 
and  GB  by  an  enzyme  inhibition  method  using  a  Technicon  Industrial  System 
Autoanalyzer*.  The  enzymatic  procedure  for  GB  and  VX  gave  a  detection 
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limit  of  about  0.2  and  0.02  pg/ml,  respectively.  The  4.5  pH  water  was 
analyzed  without  concentration. 

3.4.4  Condensate/Rinses 


The  condensate  samples  from  the  steam  decontamination  tests  in¬ 
volving  steel  coupons  were  extracted  in  a  two-liter  separatory  funnel. 

The  condensate  was  loaded  into  the  separatory  funnel  and  washed  with  three 
separate  50  ml  volumes  of  methylene  chloride.  The  wash  samples  were  com¬ 
bined  and  concentrated  to  one  ml  using  the  Kuderna-Dani sh  appartus.  The 
concentrate  was  then  analyzed  in  the  same  method  as  the  coupon  extract. 

The  chamber  rinse  samples  (isopropyl  alcohol  and/or  hexane)  were 
collected  as  required  and  concentrated  to  one  ml  using  the  Kuderna-Dani sh 
concentrator.  The  concentrate  was  then  analyzed  in  the  same  method  as 
the  coupon  extracts. 


3.5  Test  Procedures 

The  approaches  used  to  implement  the  five  decontamination  concepts 
were  outlined  in  a  Test  Plan  (steel  decontamination  tests)  and  a  SOP  (concrete 
and  unglazed  porcelain  decontamination  tests). 

4.0  HOT  GAS  DECONTAMINATION  CONCEPT 


The  hot  gas  concept  employs  the  use  of  heated  gases  such  as  burner 
exhaust  gases  to  thermally  decontaminate  a  building.^  The  purpose  of 
the  experiments  described  below  was  to  determine  the  decontamination  effective¬ 
ness  of  the  hot  gas  concept  by  subjecting  painted  stainless  steel,  painted 
mild  steel,  unpainted  mild  steel,  and  porous  (i.e.,  concrete  and  unglazed 
porcelain)  test  coupons  contaminated  with  agent  to  a  hot-gas  composition 
near  that  of  a  combustion  exhaust  gas. 
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4.1  Description  of  Hot  Gas  Experiments 

4.1.1  Hot  Gas  System 

The  hot  gas  system  is  described  in  detail  in  Reference  1.  A 
slightly  modified  version  was  employed  in  the  concrete  and  unglazed  porcelain 
decontamination  tests. 


4.1.2  Test  Procedure 


Three  coupons  were  placed  in  coupon  holders  and  then  each  coupon 
was  spiked  with  either  10  mg  of  agent  using  dilute  agent  solution  (steel 
tests)  or  1.8  mg  agent  per  gram  of  coupon  weight  (concrete  and  unglazed 
porcelain  tests).  After  spiking  the  chamber  lid  was  secured.  The  hot 
gas  flow  was  started  and  regulated  during  the  experiment  such  that  the 
coupons  were  heated  to  about  150  C*.  to  achieve  this  required  maintaining 
the  gas  temperature  inside  the  chamber  at  about  350  to  400  C.  Once  the 
coupons  reached  150  C,  the  gas  flow  was  regulated  such  that  the  coupons 
were  maintained  at  150  C  for  either  zero,  one  or  two  hours.  These  times 
were  based  on  previous  results^-  which  showed  that  maintaining  unpainted 
stainless  steel  at  150  C  for  60  minutes  caused  decontamination  to  below 
the  detectable  limit.  After  the  required  time  at  temperature  was  achieved, 
the  hot  gas  flow  was  stopped  and  the  chamber  was  allowed  to  cool  overnight. 

The  following  day,  the  coupons  were  removed  for  analysis.  The  chamber 

was  then  rinsed  with  hexane  which  was  also  collected  for  analysis  as  required, 

4.2  Discussion  of  Results  from  the  Hot  Gas 
Decontaminat ion  Experiments 

The  results  from  the  hot  gas  experiments  are  discussed  in  the 
following  section.  Actual  data  obtained  from  the  experiments  are  recorded 
in  Battel le  Laboratory  Record  Book  No.  39524  and  39869.  An  example  ot 


*  Measured  on  the  back  side  of  the  coupon  [i.e.,  the  side  opposite  to 
the  one  spiked  with  agent). 
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the  effect  of  the  hot  gas  treatment  on  unpainted  mild  steel  is  given  in 
Figure  1, 

Table  4  gives  a  summary  of  the  operating  conditions  for  the  steel 
decontamination  hot  gas  experiments. 

A  summary  of  the  coupon  decontamination  results  from  the  nine 
steel  decontamination  hot  gas  experiments  is  shown  in  Table  5.  Except 
for  one  painted  mild  steel  coupon  from  Experiment  14,  all  coupons  were 
decontaminated  to  below  the  detectable  limit  in  each  of  the  hot  gas  tests. 
The  extractive  analytical  procedure  indicated  0.6  yg  of  GB  remained  on 
this  coupon.  (Detection  Limit  =  0.1  yg  GB).  However,  the  vapor  sampling 
procedure  (See  Section  7.4)  on  the  second  painted  mild  steel  coupon  indi¬ 
cated  that  less  than  0.03  yg  of  GB  remained  on  the  coupon.  As  such,  it 
is  probable  that  the  GB  detected  by  the  extractive  procedure  was  a  false 
positive. 

A  summary  of  the  coupon  decontamination  results  from  the  concrete 
and  unglazed  porcelain  decontamination  tests  is  given  in  Table  6.  The 
results  indicate  that  HD  contaminated  concrete  and  GB  or  VX  contaminated 
unglazed  porcelain  can  be  decontaminated  to  below  the  detection  limit  by 
heating  to  a  temperature  of  150  C. 

Previous  data^  indicated  that  volatilization  of  undecomposed 
agent  from  contaminated  unpainted  stainless  steel  coupons  occurs  during 
hot  gas  decontamination.  Steel  decontamination  test  impinger  and  water 
trap  analyses  (See  Table  7),  indicate  the  hot  gas  exhaust  stream  also  con¬ 
tains  undecomposed  agent  when  decontaminating  painted  and  unpainted  steel 
coupons.  In  the  case  of  HO,  a  relatively  large  fraction  of  the  HD  spiked 
on  the  coupons  was  recovered  in  the  impingers  (?0.8  mg  of  HD  was  recovered 
in  Experiment  10  out  of  30  mg  spiked). 

Impinger  analyses  from  impinger  samples  taken  during  the  hot 
gas  decontamination  of  concrete  and  unglazed  porcelain  experiments  are 
given  in  Table  8.  As  in  the  steel  decontamination  tests,  large  quantities 
of  agent  were  contained  in  the  exhaust  stream  from  the  chamber.  Analyses 
of  impingers  used  to  sample  the  rear  portion  of  the  test  chamber  indicate 
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FIGURE  1 


Task.  3  OBanetie 

THE  EFFECT  OF  THE  HOT  GAS  AND  STEAM  DECONTAMINATION 
TREATMENTS  ON  UNPAINTED  MILD  STEEL 


TABLE  4.  SUMMARY  OF  CONDITIONS  FOR  THE  DECONTAMINATION  OF  STEELS  WITH  HOT  GAS 
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TABLE  5.  RESULTS  FROM  HOT  GAS  DECONTAMINATION  EXPERIMENTS 

GB,  VX  AND  HD  SPIKED  PAINTED  AND  UNPAINTED  STEEL 


Hot  Gas 
Experiment 
Number 


Agent 


Coupon 
Type^a ' 


Time  at 

Temperature , 
min. 


Residual  Agent 
on  Coupons,  mg 


Decontamination 
Efficiency , 
ercent 


<0.0011 

>99.99 

<0.0011 

>99.99 

<0.0011 

>99.99 

<0.0001 

>99.999 

<0.0001 

>99.999 

<0.0001 

>99.999 

<0.0002 

>99.998 

<0.0002 

>99.998 

<0.0001 

>99.999 

<0.0011 

>99.99 

<0.0011 

>99.99 

<0.0011 

>99.99 

<0.0001 

>99.999 

<0.0001 

>99.999 

<0.0001 

>99.999 

<0.0002 

>99.998 

<0.0002 

>99.998 

<0.0001 

>99.999 

<0.0013 

"'99.99 

0.0006 

99.994 

(0 

- 

(c) 

“ 

<0.0002 

>99.998 

(a)  PMS  =  alkyd  painted  mild  steel 

PSS  =  alkyd  painted  stainless  steel 
UMS  =  unpainted  mild  steel 

(b)  At  a  coupon  temperature  of  about  150  C. 

(c)  Sample  analyzed  by  Vapor  Sampling  Method  (see  Section  7.0) 
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TABLE  8. 

AGENT  VOL AT ILIZATION/OIFFUSI ON  DURING  THE  HOT  GAS 
DECONTAMINATION  EXPERIMENTS  LISTED  IN  TABLE  6. 

Hot  Gas 

Agent  Found  in 

Agent  Found 

!  in 

Experiment 

Coupon 

Hot  Gas  Exhaust 
Stream  Impingers(a) ,mg 

Rear  Chamlpe^ 

Bleed 

Number 

Agent 

Type 

Stream(^), 

mg 

16 

HD 

Concrete 

0.48 

11  (c ) 
l_9(d) 

0.099^ 

0.097^ 

23.8(c) 

0.04 

17 

GB 

Porcel ai n 

1.2 

13 

VX 

Porcelain 

0.172 

19 

HD 

Concrete 

«  0.01 

20 

GB 

Porcel ain 

96(c) 

14.4<d' 

12 

21 

VX 

Porcelain 

0. 152vC^ 
0.124(d) 

0.260 

a)  The  100  ml  of  impinger  liquid  contained  in  each  of  the  two  500  ml  impingers  in 

series  was  combined  for  analysis. 

b)  The  10  ml  of  impinger  liquid  contained  in  each  of  the  two  25  ml  impingers  in 

series  was  combined  for  analysis. 

c)  Impingers  in  place  from  the  start  of  the  experiment  up  to  the  time  the  back  temperature 
of  the  coupon  reached  93  C. 

■d)  Impingers  in  place  from  the  time  the  back  temperature  of  the  coupon  reached  93  C 
to  the  end  of  the  experiment. 
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that  agent  either  diffused  through  t’ne  porous  coupon  or  around  the  gasket 
material  located  between  the  coupon  holder  and  the  test  chamber. 

It  is  important  to  note  that  operation  at  higher  gas  temperatures 
may  not  completely  eliminate  volatilization  because  volatilization  appears 
to  occur  primari ly  during  the  heatup  stage.  Also,  operation  at  higher 
temperatures  would  require  additional  fuel  requirements  and  increase  the 
damage  to  the  building  due  to  overheating.  Thus,  a  method  must  be  developed 
to  remove/destroy  volatilized  agent  contained  in  the  exhaust  gas  when  decon¬ 
taminating  a  building  in  the  field.  Also,  a  method  must  be  developed  to 
limit  and/or  block  the  diffusion  of  agent  through  porous  materials. 

4.3  Hot  Gas  Concept  Conclusions/Recommendations 

Tentative  conclusions  based  on  evaluation  of  the  data  from  the 
hot  gas  experiments  are  as  follows: 

•  Painted  and  unpainted  mild  and  stainless  steel 
contaminated  with  HD,  GB,  or  VX  can  be  decontami¬ 
nated  to  below  the  detectable  limit  by  maintaining 
the  surface  at  a  temperature  of  150  C  for  60  minutes. 

•  Porous  materials  contaminated  with  either  HD  (con¬ 
crete),  GB  (porcelain),  or  VX  (porcelain)  can  be 
decontaminated  to  below  the  detectable  limit  by 
maintaining  the  material  at  a  temperature  of  150  c 
throughout  for  60  minutes. 

•  Because  undecomposed  agent  volatilizes  from  the 
contaminated  material,  a  method  to  decompose  agent 
contained  in  hot  gas  may  be  required  to  prevent 
emissions  of  agent  or  redeposition  in  "cold"  spots. 

Based  on  the  experimental  results,  further  evaluation  of  the 
hot  gas  concept  in  the  engineering/economic  analysis  is  recommended.  Main¬ 
taining  a  temperature  of  150  C  for  60  minutes  is  suggested  as  a  basis  for 
the  engineering/economic  analysis. 
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5.0  STEAM  DECONTAMINATION  CONCEPT 

The  steam  concept  employs  the  use  of  ambient  pressure  steam  to 
decontaminate  a  building  by  either  chemical  hydrolysis  and/or  physical 

( H) 

removal  (e.g.,  solubilization  or  evaporation)  of  agent  contaminants.'  ■ 
Steam  may  be  applied  either  manually  or  remotely  (i.e.,  injecting  steam 
into  a  sealed  building).  The  purpose  of  the  experiments  described  below 
was  to  determine  the  decontamination  effectiveness  of  steam  by  subjecting 
painted  stainless  steel,  painted  and  unpainted  mild  steel,  concrete  and 
unglazed  porcelain  test  coupons  contaminated  with  agent  to  steam. 

5.1  Description  of  Steam  Experiments 


5.1.1  Steam  System 

The  steam  system  used  in  the  steel  decontamination  tests  is  described 
in  detail  in  Reference  1.  A  slightly  modified  version  was  employed  in 
the  concrete  and  unglazed  porcelain  decontamination  tests. 

5.1.2  Test  Procedure 

Three  coupons  were  placed  in  coupon  holders  and  then  each  coupon 
was  spiked  with  either  10  mg  of  agent  using  dilute  agent  solution  (steel 
tests)  or  1.8  mg  agent  per  grain  of  coupon  weight  (concrete  and  unglazed 
porcelain  tests).  The  chamber  lid  was  then  secured  and  the  steam  flow 
was  started. 

As  steam  condensed  on  the  coupons,  the  coupons  were  heated  from 

ambient  temperature  (about  25  C)  to  a  temperature  near  the  boiling  Doiot 

of  water.  In  the  initial  set  of  experiments,  steam  flow  was  then  maintained 

for  an  additional  40  minutes  when  HO  was  the  contaminant;  60  minutes  when 

G3  was  the  contaminant;  or  130  minutes  when  VX  was  the  contaminant.  These 

!  1  ; 

operation  times  were  based  on  previous  results.'  Subsequent  operation 
times  were  based  on  the  results  from  the  initial  set  uf  decant  am i nas ion 
experiments.  After  the  required  time  at  temperature  was  achieved,  the 
steam  flow  was  stopped  and  the  chamber  was  allowed  to  cool  overnight. 


The  following  day,  the  coupons  were  removed  for  analysis.  The  chamber 
was  then  rinsed  with  hexane  which  was  also  collected  for  analysis  as  re- 
qui red. 


5.2  Discussion  of  Results  from  the 
Steam  Decontamination  Experiments 

The  results  of  the  steam  experiments  are  discussed  in  the  following 
section.  Actual  data  obtained  from  the  experiments  are  given  in  Battel le 
Laboratory  Record  Book  No.  39524  and  39869.  An  example  of  the  effect  of 
the  steam  treatment  on  unpainted  mild  steel  is  given  in  Figure  1. 

Table  9  gives  a  summary  of  the  operating  conditions  for  the  steam 
experiments.  The  average  steam  flow  for  the  eleven  steel  decontamination 

3 

experiments  corresponds  to  a  flow  of  about  17.7  kg  of  steam/m  /hr  for  the 
0.07  cubic  meter  chamber.  Application  of  the  steam  concept  to  decontami¬ 
nation  of  field  structures  will  require  a  lower  steam  flow  rate  per  unit 
volume  which,  consequently,  will  require  operation  for  a  longer  period 
than  that  shown  in  Table  9  because  of  longer  heatup  times.  However,  the 
time  the  painted  and  unpainted  steel  surfaces  are  maintained  at  about  100  C 
should  correspond  to  the  times  shown  in  Table  9. 

A  summary  of  the  coupon  decontamination  results  from  the  eleven 
steel  decontamination  experiments  are  shown  in  Table  10.  T  results  indicate 
that  all  coupons  were  decontaminated  to  below  the  detectah  limit  in  the 
steam  experiments  except  the  painted  stainless  steel  coupi  in  Experiments 
7  (HD)  and  11  (VX).  HD  contaminated  stainless  steel  coupons  '■e  decon¬ 
taminated  to  below  the  detectable  limit  when  the  time  at  temperature  was 
increased  from  40  minutes  (Experiment  7)  to  60  minutes  (Experiments  10 
and  14).  A  repeat  of  Experiment  11  indicated  that  VX  contaminated  painted 
stainless  steel  (See  Experiment  13)  can  be  decontaminated  to  below  the 
detectable  limit  at  the  same  conditions  (i.e.,  time  at  temperature) . 

A  summary  of  the  coupon  decontamination  results  from  the  concrete 
and  unglazed  porcelain  decontamination  tests  is  given  in  Table  11.  The 
results  indicate  that  HD  contaminated  concrete  and  SB  contaminated  uriqlazed 
porcelain  can  be  decontaminated  to  below  the  detection  limit  by  maintaining 


SUMMARY  OK  CONDITIONS  FOR  THE  DECONTAMINATION  OF  STEELS  WITH  STEAM 


TABLE  10.  RESULTS  FROM  STEAM  DECONTAMINATION  EXPERIMENTS  - 
GB,  VX  AND  HD  SPIKED  PAINTED  AND  UNPAINTED  STEEL 


St*** 

Experiment 

Number 

Aqent 

Coupon. 
Type?4 5 

Time  at 

Tempera turev  ' , 

min. 

Residual  Agent 
on  Coupons .  mq 

Decontamination 

Efficiency, 

percent 

7 

HD 

PMS 

40 

<0.0011 

>99.99 

PSS 

40 

0.012 

99,9 

UMS 

40 

<0.0011 

>99.99 

8 

GB 

PMS 

60 

<0.006 

>99.94 

PSS 

60 

<0.006 

>99.94 

UMS 

60 

<0.005 

>99.95 

9 

VX(C> 

PMS 

180 

<0.0002 

>99.998 

PSS 

180 

<0.0002 

>99.998 

UMS 

180 

<0.0001 

>99.999 

10 

HD 

PMS 

60 

<0.0011 

>99.99 

PSS 

60 

<0.0011 

>99.99 

UMS 

60 

<0.0011 

>99.99 

11 

vx(0 

PMS 

240 

<0.0002 

>99.998 

PSS 

240 

0.0004 

99 . 995 

UMS 

240 

<0.0001 

>99.999 

12 

GB 

PMS 

60 

<0.0001 

>99.999 

PSS 

60 

<0.0001 

>99.999 

UMS 

60 

<0.0001 

>99.999 

13 

VX 

PMS 

240 

<0.0002 

>99.998 

PSS 

240 

<0.0002 

>99.998 

UMS 

240 

<0.0001 

>99.999 

14 

HO 

PSS 

60 

<0.0011 

>99.99 

PSS 

60 

<0.0011 

>99.99 

PSS 

60 

<0.0011 

>99.99 

15 

GB 

PSS 

PSS 

60 

60 

<0.0001 

(d) 

>99.999 

UMS 

60 

(d) 

“ 

16 

HO 

PMS 

PMS 

60 

60 

<0.0011 

(d) 

>99.99 

UMS 

60 

(d) 

“ 

17 

VX 

PMS 

PMS 

240 

240 

0.0002 

(d) 

99.998 

UMS 

240 

(di 

(a)  PMS  *  alkyd  painted  mild  steel 

PSS  =  alkyd  painted  stainless  steel 
UMS  ■  unpainted  mild  steel 

(b)  At  a  coupon  temperature  of  about  100  C. 

(c)  Analysis  of  the  coupon  samples  by  GC-FID  showed  detectable  quantities  of  a 
compound(s)  with  a  retention  time  similar  to  VX.  Analysis  by  capillary  column 
GC-FPD  indicated  much  lower  concentrations  of  VX  (see  table  above).  The  GC- 
FPO  showed  another  phosphorus  containing  compound  which  interfered 

with  VX  determination  by  the  GC-FID. 

(d)  Sample  analyzed  by  vapor  sampling  method  (see  Section  7.0). 
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contact  with  steam  for  one  hour  after  a  temperature  of  at  least  100  C  is 
attained  throughout  the  material.  VX  contaminated  unglazed  porcelain  reauires 
up  to  a  four  hour  steam  contact  time  following  attainment  of  100  to  cause 
decontamination  to  below  the  detection  limit. 

Decontamination  of  the  coupons  involved  not  only  destruction 
of  agent,  but  also  physical  removal  of  agent.  In  the  steam  experiments, 
agent  can  be  physically  removed  from  the  coupons  by  either  volatilization 
and/or  washed  off  by  steam  condensation.  Results  from  the  analysis  of 
the  sump  condensates  shown  in  Table  12  substantiate  that  agent  wash-off 
does  occur.  Because  *■'  a  sump  condensate  contains  undecomposed  agent,  the 
condensate  would  require  a  subsequent  treatment.  The  method  can  entail 
recycle  of  exhausted  steam  and  condensate  to  the  steam  generator.  Repeated 
recycle  should  provide  sufficient  contact  time  of  undecomposed  agent  with 
steam  to  ensure  complete  destruction.  For  example,  the  condensate  can 
be  collected  in  a  sump,  pumped  from  the  building  to  temporary  storage  tanks, 
and  recycled  to  the  steam  generator.  The  cycle  could  be  repeated  until 
no  agent  is  detected  in  the  condensate. 

Tests  were  conducted  to  determine  if  condensate  containing  un¬ 
decomposed  agent  can  be  decontaminated  by  reboiling  the  condensate.  Conden¬ 
sate  samples  from  steam  Experiments  No.  8  (GB),  No.  9  (VX)  and  No.  10  (HD) 
were  boiled  and  the  steam  condensed.  The  condensate  was  collected  and 
analyzed  for  a  residual  agent.  Results  indicate  that  no  agent  was  present 
in  the  condensates.  As  such,  recycle  of  the  sump  condensate  through  the 
boiler  during  decontamination  of  facilities  should  cause  destruction  of 
residual  agent. 

A  minor  amount  of  VX  was  found  in  the  chamber  rinse  in  Experiment  9. 
The  source  of  the  agent  is  probably  attributed  to  residual  agent  in  the 
condensate  collection  system.  The  condensate  reboil  experiments  suggest 
that  continued  operation  of  the  steam  concept  should  cause  decontamination 
of  the  condensate  pipes.  An  alternative  would  be  to  pump  a  liquid  decon¬ 
taminant  such  as  0PAB  solution  through  the  pipes  following  steam  decontami¬ 
nation  . 

Analyses  of  impingers  used  to  sample  the  rear  portion  of  the 
test  chamber  are  given  in  Table  13.  The  results  suggest  agent  diffusion 
through  porous  materials  may  not  occur  during  implementation  of  the  steam 
concept.  However,  further  substantiating  tests  are  required. 
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TABLE  12.  AGENT  VOLATILIZATION  DURING  THE  STEAM  DECONTAMINATION 
EXPERIMENTS  LISTED  IN  TABLE  10 


Steam 

Experiment 

Number 

Agent 

Agent  Found 
in  Condensate 
(mg) 

Agent  Found  in 
Chamber  Rinse 
(mg) 

Total  Agent 
Volatilized 
(mq) 

7 

HD 

0.117 

<0.001 

0.117 

8 

GB 

0.0006 

<0.0005 

0.0006 

9 

VX 

0.130 

0.034 

0.164 

10 

HD 

ND^ 

<0.001 

ND 

n 

VX 

ND 

<0.001 

ND 

12 

GB 

ND 

ND 

ND 

13 

VX 

ND 

ND 

ND 

14 

HD 

ND 

ND 

ND 

15 

GB 

ND 

ND 

ND 

16 

HD 

ND 

ND 

ND 

17 

VX 

ND 

ND 

ND 

H 

I 


(a)  ND  =  not  determined 
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TABLE  13. 

AGENT  DIFFUSION 
LISTED  IN  TABLE 

DURING  THE 
11 

STEAM  DECONTAMINATION 

EXPERIMENTS 

Steam 

Experiment 

Number 

Agent 

Coupon 

Type 

Agent  Found 
in  Impingers 
mg 

18 

HD 

Concrete 

<0.065 

19 

GB 

Porcelain 

89  (a) 

20 

VX 

Porcelain 

<0.25 

21 

HD 

Concrete 

<0.1 

22 

GB 

Porcelain 

<60 

23 

VX 

Porcel ai n 

<25 

(a)  Steam  condensate  was  noted  in  the  impingers  during  the  experiment. 

This  indicates  that  steam,  which  may  have  contained  intact  agent,  had 
flowed  around  the  coupon  (i.e.,  either  between  the  coupon  and  gasket 
or  between  the  coupon  holder  and  gasket). 


348 


V — 31 


5.3  Steam  Concept  Conclusions/Recommendations 

Tentative  conclusions  based  on  evaluation  of  the  data  from  the 
steam  experiments  are  as  follows: 

•  Painted  and  unpainted  mild  and  stainless  steel 
contaminated  with  HD,  G8,  or  VX  can  be  decontami¬ 
nated  to  below  the  detectable  limit  by  maintaining 
the  steel  surface  at  a  temperature  near  the  boiling 
point  of  water  for  60,  60,  or  240  minutes,  respectively. 

•  Porous  materials  contaminated  with  either  HD  (con¬ 
crete)  GB  (porcelain)  or  VX  (porcelain)  can  be 
decontaminated  to  below  the  detectable  limit  by 
maintaining  the  material  at  a  temperature  near 
the  boiling  point  of  water  for  60,  60,  and  240 
minutes  respectively. 

•  Steam  decontamination  includes  the  physical  removal 
of  undecomposed  agent  from  the  coupon  by  volatili¬ 
zation  and  wash-off.  Thus,  a  method  to  remove/ 
decompose  agent  contained  in  the  exhausted  steam 
and  condensate  from  a  building  must  be  defined. 

Based  on  the  experimental  results,  further  evaluation  of  the 
steam  concept  in  the  engineering/economic  analysis  is  recommended.  The 
suggested  conditions  for  the  engineering/economic  analysis  are  as  follows: 
GB  -  60  minutes  at  a  coupon  temperature  of  about  100  C 

HD  -  60  minutes  at  a  coupon  temperature  of  about  100  C 

VX  -  240  minutes  at  a  coupon  temperature  of  about  100  C. 

6.0  OPAB  DECONTAMINATION  CONCEPT 

The  OPAB  concept  involves  decontamination  by  spray  application 
of  an  aqueous  solution  of  1-octyl-pyridinium  4-aldoxime  bromide  (OPAB), 
OPAB*  has  the  following  chemical  structure: 

*  A  one  kg  supply  of  OPAB  (denoted  as  3CL-0PAB)  was  synthesized'^^  in 
a  related  project  for, use  in  Subtask  6  tests.  The  OPAB  used  in  previous 
decontamination  tests  was  obtained  from  Battel le-Frankfurt. 

}/IQ 


-CH-MOH 


The  selection  of  OPAB  for  experimental  evaluation  was  based  on 
studies  performed  at  Battel le-Frankfurt  (sponsored  by  the  German  Defense 
Ministry)  which  indicated  0PA3  to  be  highly  effective  in  decontaminating 
VX.  Previous  tests  at  Battelle-Columbus^;  demonstrated  the  effectiveness 
of  OPAB  in  decontaminating  unpainted  stainless  steel  contaminated  with 
GB,  HD,  or  VX.  The  purpose  of  the  experiments  described  below  was  to  deter¬ 
mine  the  decontamination  effectiveness  of  OPAB  on  painted  stainless  steel, 
painted  and  unpainted  mild  steel  coupons  when  applied  in  the  form  of  a 
spray. 


6.1  Description  of  OPAB  Experiments 


6.1.1  OPAB  Application  System 


The  OPAB  application  apparatus  is  described  iri  detail  in  Reference  1 


6.1.2  Test  Procedure 

Three  coupons  were  placed  in  coupon  holders  and  then  each  coupon 
was  spiked  with  either  10  mg  of  agent  using  dilute  agent  solution  (steel 
tests)  or  1.8  mg  agent  per  gram  of  coupon  weight  (concrete  and  unglazed 
porcelain  tests).  The  chamber  lid  was  then  secured.  The  spray  application 
was  initiated  and  repeated  for  a  specified  number  of  times  at  the  desired 
time  interval. 

Following  completion  of  the  sprayings,  the  coupons  were  renoved 
from  the  chamber  and  the  chamber  was  rinsed  with  isoprooyl  alcohol  followed 
by  hexane.  Liquid  collected  in  the  sump  of  the  test  chamber  was  stored 
for  a  sufficient  period  (i.e.,  overnight)  to  allow  decontamination  of  un¬ 
decomposed  agent  which  may  have  been  physically  removed  from  the  coupons 
by  the  action  of  the  spray  prior  to  analysis  (as  required). 


6,2  Discussion  of  Results  from  the 
OPAB  Decontamination  Experiments 

The  results  of  the  0PA3  experiments  are  discussed  in  the  following 
section.  Actual  data  obtained  from  the  experiments  are  recorded  in  Battel le 
Laboratory  Record  Book  Nos.  39524  and  39869. 

Results  from  the  OPAB  experiments  using  HD,  G3,  and  VX  contami¬ 
nated  steels  are  given  in  Tables  14,  15  and  16,  respectively.  These  tests 

(5) 

used  OPAB  which  was  synthesized  under  an  AR0-STA5  program'  '  in  support 
of  this  work.  The  OPAB  in  solid  form  was  dissolved  in  water  prior  to  each 
experiment  to  form  a  5-weight-percent  solution.  For  OPAB  Experiments  18 
and  19  (VX),  a  5-weight-percent  solution  of  the  sodium  salt  of  OPAB  was 
used.  The  sodium  salt  of  OPAB  was  prepared  by  the  following  reaction: 

Vn*\O^N0H  +  M,0H  — +  HjO 
Sr"  Br" 

Results  of  the  HD/steel  decontamination  tests  given  in  Table 
14  indicate  that  the  activity  of  OPAB  for  destruction  of  HD  appears  to 
be  related  to  the  solution  formulation.  The  BCL-OPAB  formulation  (neat 
OPAB  dissolved  in  water)  is  slightly  acidic  (pH  4  to  5)  whereas  the  OPAB 
formulation  used  in  previous,  less  successful  HD  decontamination  tests^' 
(using  the  sodium  salt  of  OPAB  and  additives  dissolved  in  water)  is  basic 
(pH  9  to  10).  The  slightly  acidic  OPAB  formulation  appears  to  be  more 
reactive  with  HD  than  the  basic  OPAB  formulation. 

Results  of  the  GB  and  VX  decontamination  tests  given  in  Table  15 
and  16,  respectively  indicate  that  the  slightly  acidic  OPAB  formulation 
(BCL-OPAB)  is  an  effective  decontaminant  for  GB  and  VX.  The  basic  OPAB 
(8F-0PAB)  formulation  appears  to  be  slightly  less  effective  on  VX. 

A  summary  of  the  coupon  decontamination  results  from  the  concrete 
and  unglazed  porcelain  decontamination  tests  is  given  in  Table  17.  Residual 
agent  values  were  obtained  using  the  GC/FPD  method  on  coupon  extracts  (no 
concentration)  and  the  GC/MS  method  on  concentrated  coupon  extracts.  The 
use  of  GC/FPD  on  the  concentrated  coupon  extracts  was  not  possible  because 


TABLE  14.  RESULTS  FROM  HO/STEEL  DECONTAMINATION  EXPERIMENTS  USING  BCL-OPAB  SPRAY 
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TABLE  15.  RESULTS  FROM  GB/STEEL  DECONTAMINATION  EXPERIMENTS  USING  BCL/OPAB  SPRAY 
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TABLE  16.  RESULTS  FROM  VX/STEEL  DECONTAMINATION  EXPERIMENTS  USING  BCL-OPAB  SPRAY 
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TABLE  17  RESULTS  FROM  GRAB  DECONTAMINATION  EXPERIMENTS  -  HD  SPIKED  CONCRETE 
AND  GE,  VX  SPIKED  UNGLAZED  PORCELAIN 


1-37 


2  e  “  i  , 

■-  a  5  1 1 


<T<  O' 
c?' 


;  cn  XT' 

cr»  cr 


£  I  O  O  O 


O 

>> 


—  D  IB 


0/ 

<=r  _c 


>  o  o  o  o  o  o 
|  n  ro  m  n  fi 


. —  -o 
>>  T3  C7 
rO  >  —> 

S-  i-  3 
Q.  0J  C 
UO  ■  — 

c  E 


O)  J1  "Jl  iO  ip 

r>-  p>v  r**.  Pv. 


X  CC  X  X  cc  cc 

I  r-.  X  X  r^.  X  X 

I  n  fo  (*i  f*i  ro  n 


>> 

u  m 

V 

>  m 

o 

u  m 


c  ‘w  c 


E  5  ^  5*‘ 


E  £ 

c.  CL 


vTi  x 

v» 

-  >> 


>H  >V  i- 

t:  i!  a 


V  -  38 


either  residual  QPAB  and/or  OPAB/agent  decomposition  products  extracted 
from  the  coupon  did  not  volatilize  during  concentration.  The  resultant 
concentrate  was  a  viscous  liquid  with  the  color  of  OPAB.  Analysis  by  GC/FPD 
resulted  in  an  elevated  baseline  which  prevented  quantification  of  agent. 
Analysis  of  selected  concentrated  coupon  extracts  by  GC/'MS  indicated  residual 
HD  and  GB  remained  following  OPAB  decontamination.  However,  no  residual 
VX  was  detected  by  GC/MS  in  the  unglazed  uorceldin  concentrated  extract. 

A  possible  cause  for  the  incomolete  decontamination  of  the  HD  and  GB 
contaminated  po-ous  coupons  is  that  OPAB,  because  of  its  molecular 
size,  did  not  penetrate  as  far  into  the  coupon  pores  as  the  smaller 
HD  and  GB  molecules.  VX  on  the  other  hand  which  is  similar  in  molecular 
size  to  OPAB  was  decontaminated  to  below  the  detectable  limit.  Observa¬ 
tions  on  the  concrete  and  porcelain  coupons  following  the  OPAB  decontamination 
tests  indicated  that  liquid  had  completely  penetrated  through  the  1/4-inch 
thick  coupons.  However,  the  OPAB  aid  not  diffuse  with  the  liquid  but 
remained  within  about  1/16-irch  of  the  surface  sprayed. 

Because  of  probable  limitations  in  the  depth  of  penetration  of 
OPAB  into  porous  matericls,  further  evaluations  of  OPAB  as  a  general  facility 
decontaminant  are  not  recommended.  However,  selective  uses  for  0PA3  such 
as  decontamination  of  painted  and  unpointed  stee^  and  as  a  protective 
coating  should  be  considered. 

6.3  OPAB  Concept  Conclusions/Recommendations 


Tentative  conclusions  based  on  evaluation  of  the  data  from  the 
OPAB  experiments  are  as  follows: 

•  HD  contaminated  painted  and  unpainted  mild  and 
stainless  steels  can  be  decontaminated  by  spraying 
with  the  slightly  acidic  OPAB  solution  every  30  minutes 
for  5  hours  (Total  amount  applied  =  about  15  to 

30  1 i ters/m^) . 

•  GB  and  VX  contaminated  painted  and  unpainted  mild 

and  stainless  steels  can  be  decontaminated  by  spraying 
with  the  slightly  acidic  OPAB  solution  every  20  minutes 


for  5  hours  (Total  amount  applied  =  about  25  to 
45  liters/m^. 

•  VX  contaminated  unglazed  porcelain  can  be  decontami¬ 
nated  by  spraying  with  the  slightly  acidic  OPAB 

solution  every  7.5  minutes  for  5  hours  (Total  amount 

2 

applied  =  about  80  liters/m  ).  At  the  same  con¬ 
ditions,  HD  contaminated  concrete  and  GB  contami¬ 
nated  porcelain  were  not  completely  decontaminated. 

•  The  use  of  OPAB  for  decontamination  of  porous  materials 
beyond  a  penetration  depth  of  about  1/16  inch  is 

not  recommended.  However,  further  evaluation  on 
specific  applications  for  OPAB  should  be  performed. 


7.0  VAPOR  SAMPLING  TESTS 


In  support  of  this  program,  an  extraction  analytical  method  was 
developed^  for  the  determination  of  agent  on  painted  and  unpainted  mild 
and  stainless  steel  (see  Section  3.4).  In  contrast,  current  USATHAMA  analy¬ 
tical  protocol  for  sampling  of  contaminated  agent  material  s/structures 
involves  the  use  of  an  air-sampling  method  rather  than  an  extraction  method. 
The  air-sampling  method  entails  sampling  the  head  space  over  a  possible 
contaminated  or  chemically  decontaminated  surface  by  drawing  a  known  volume 
of  air  at  a  known  rate  through  bubblers.  For  example,  for  GB  and  VX  the 
bubblers  contain  liquid  such  as  dilute  sulfuric  acid  which  traps  agent. 
Following  sampling,  the  liquid  is  analyzed  for  agent  by,  for  example,  an 
enzymatic  technique.  The  results  of  the  air-sampling  analyses  are  used 
to  determine  whether  the  specific  agent  was  present  in  the  atmosphere  at 
concentrations  greater  than  the  Time  Weighted  Average  (TWA).  The  TWA  levels 
are  as  follows: 

•  HD 


3  x  10"^  mg/rn^ 


(5) 


•  GB  =  1  x  10‘"  mg/m' 


VX 


1  x  ID"5  mg/m^ 


(6) 

(6) 
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If  these  TWA  levels  are  not  surpassed  after  a  decontamination 
procedure  then  the  item  can  be  classified  as  being  in  a  3X  condition. 

7.1  Approach 

The  objective  of  the  vapor  sampling  tests  was  to  determine  the 
vapor  concentration  of  agent  over  decontaminated  coupons.  The  hot  gas 
(hot  gas  Experiments  13-15),  steam  (steam  Experiments  15-17)  and  OPAB  (OPAB 
Experiments  15-17)  concepts  were  used  to  generate  decontaminated  coupons 
for  the  vapor  sampling  tests.  The  selection  of  conditions  for  the  decontami¬ 
nation  tests  was  based  on  the  analysis  of  extracts  from  previous  tests 
which  indicated  that  the  coupons  were  decontaminated  to  near  or  below  the 
detectable  limit. 

In  each  decontamination  test,  three  mild  steel  coupons  (one  un¬ 
painted  and  two  painted)  were  spiked  with  10  mg  of  HO,  GB  or  VX  and  the 
decontamination  treatment  was  applied.  Following  the  treatment,  one  of 
the  painted  mild  steel  coupon  was  analyzed  for  residual  agent  using  the 
extraction  method.  The  second  painted  mild  steel  coupon  and  the  unpainted 
mild  steel  coupon  were  subjected  to  the  vapor  sampling  tests.  The  coupons 
were  stored  in  sealed  bags  at  -5  C  until  the  vapor  sampling  tests  could 
be  completed.*  Analysis  of  two  painted  steel  coupons  subjected  to  identical 
decontamination  conditions  using  two  different  analytical  procedures  (i.e., 
by  extraction  and  by  vapor  sampling)  allows  a  comparison  between  the  methods 
to  be  made. 

In  the  vapor  sampling  experiments,  air  heated  to  60  C  was  passed 
over  and  around  a  coupon  also  heated  to  60  C.  Heated  air  rather  than  ambient 
temperature  air  was  used  to  enhance  the  evaporation  of  any  residual  agent 
from  the  coupon.  A  higher  temperature  was  not  selected  because  of  the 
potential  for  thermal  decomposition  of  the  agents.  Residual  agent  released 
to  the  air  was  collected  and  analyzed. 


*  The  storage  period  at  -50  ranged  from  about  10  weeks  for  the  hot  gas 

and  steam  decontaminated  coupons  to  about  one  week  for  the  OPAB  decontami¬ 
nated  coupons. 
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7.2  Description  of  Vapor  Sampling  Experiments 


7.2.1  Test  Apparatus 

The  vapor  sampling  apparatus  is  illustrated  in  Figures  2  and 
3.  A  chamber  was  constructed  as  shown  in  Figure  2  to  hold  one  coupon  for 
vapor  sampling.  The  chamber  was  equipped  with  two  coupon  supports,  a  bafflo, 
a  thermocouple,  an  inlet  pipe  and  an  outlet  pipe.  The  coupon  supports 
allowed  circulation  of  air  underneath  the  coupon  while  the  baffle  diverted 
the  air  entering  the  chamber  around  the  coupon.  In  order  to  monitor  coupon 
temperature,  a  thermocouple  was  placed  in  contact  with  the  coupon  surface. 

The  chamber  was  selaed  with  a  gasketed  Gore-Tex*. 

Heating  of  the  chamber  and  inlet  air  was  provided  by  the  use 
of  heating  tapes.  Temperature  was  controlled/moni tored  with  temperature 
controllers.  A  vacuum  pump  was  used  to  maintain  the  chamber  at  a  negative 
pressure  (about  minus  1  inches  of  water).  The  flow  rate  of  air  was  con¬ 
trolled  by  a  rotameter  as  shown  in  Figure  3.  A  dry  gas  test  meter  was 
used  to  measure  total  flow  of  air  passing  through  the  impingers. 

Two  impingers  in  series  were  used  to  trap  residual  agent  vapor 
when  the  contaminants  are  GB  or  HD.  Ethylene  glycol  diacetate  or  pH  3.7  water 
were  used  in  the  impinger  for  trapping  HD  or  GB  and  VX,  respectively. 

7.2.2  Test  Procedures 


.■i 

’.i 


9 


*• 


I 


One  test  coupon  was  placed  in  the  vapor  sampling  chamber,  the 
lid  attached  and  the  vapor  sampling  chamber  heated  to  60  C.  Air,  heated 
to  60  C  was  then  directed  through  the  vapor  sampling  chamber  to  impingers. 
An  air  flow  rate  of  about  one  liter/min  was  used  in  the  G3  and  VX  tests 
while  an  air  flow  rate  of  6  liters/min  was  used  in  the  HD  tests.  The  air 
flow  was  continued  for  the  desired  sampling  time  and  then  the  impingers 
were  removed  for  analysis.  The  liquid  from  the  impingers  was  refrigerated 
until  analysis  was  completed.  After  the  impingers  were  removed,  a  fresh 
set  of  impingers  were  installed  and  the  second  sampling  period  initiated. 
Following  two  sampling  periods,  the  test  chamber  and  tubing  between  the 
chamber  and  collection  system  were  rinsed  with  hexane. 
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FIGURE  3.  VAPOR  SAMPLING  SYSTEM  (GB,  HD 
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7.2.3  Analytical  Procedures 

The  EGDA  from  the  impingers  used  during  the  HD  experiments  was 
analyzed  for  HD  by  Gas  Chromatography  (GC)/Ha11  detection.  The  pH  3.7 
water  from  the  impingers  used  during  the  GB  and  VX  experiments  was  analyzed 
for  G8  and  VX  using  an  enzyme  inhibition  method  {see  Section  3.4.2).  In 
both  cases,  the  solution  was  analyzed  without  concentration. 

7.3  Discussion  of  Results  from  the  Vapor  Sampling  Experiments 
7.3.1  Baseline  Tests 

Prior  to  conducting  vapor  sampling  tests  with  decontaminated 
coupons,  baseline  tests  were  performed.  The  baseline  tests  determined 
1)  the  collection  efficiency  of  each  agent  (HD,  GB  and  VX)  by  the  vapor 
sampling  technique  and  2)  the  duration  of  the  sampling  periods. 

The  collection  efficiency  was  determined  by  comparing  the  amount 
of  agent  collected  from  the  sampling  system  with  the  amount  of  initially 
agent  spiked  on  the  coupon. 

Results  from  the  baseline  experiments  are  given  in  Table  18. 

The  results  indicate  that  although  complete  recovery  of  agent  was  not  achieved, 
the  detectable  agent  air  concentrations  were  near  the  TWA  levels  for  GB 
and  VX.  The  detectable  air  concentration  was  well  above  the  TWA  level 
for  HD  because  of  the  lower  sensitivity  of  the  GC/Hall  Detector  analytical 
procedure  as  compared  with  the  enzymatic  method. 

In  the  baseline  experiments,  a  two  hour  sampling  period  was  em¬ 
ployed  for  each  impinger  set.  The  results  of  the  baseline  experiments 
indicate  that  agent  was  detected  in  the  second  2-hour  sampling  period  in 
the  case  of  G3  and  VX,  Because  no  HD  was  detected  in  the  second  2-hour 
sampling  period,  vapor  sampling  of  the  decontaminated  coupons  was  performed 
using  two  sets  of  impingers  with  each  used  for  a  one  hour  sampling  period. 

Two  sets  of  impingers  and  a  two-hour  sampling  period  was  used  for  decon¬ 
taminated  coupons  initially  contaminated  with  GB  or  VX. 
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(b)  Agent  air  concentration  (jig/m3)  =  agent  found  (jig)/volume  of  air  sampled  (m3). 

(c)  Detectable  air  concentration  (pg/m3)  -  Detection  limit  of  instrument  (vjg/ml)  x  Impinger  volume  (ml)/ 
volume  of  air  sampled  (m3). 
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7.3.2  Vapor  Sampling  of  Decontaminated  Coupons 

Results  from  the  vapor  sampling  of  decontaminated  coupons  are 
given  in  Table  19.  All  HD-contaminated  coupons  for  which  analyses  are 
available  were  decontaminated  to  below  the  detectable  limit  of  the  vapor 
sampling  method  by  either  the  hot  gas,  steam,  or  OPAB  concepts.  GB-contami- 
nated  coupons  were  decontaminated  to  below  the  detectable  limit  by  only 
the  hot  gas  concept.  Positive  responses  to  the  enzyme  inhibition  analy¬ 
tical  procedure  were  obtained  from  impingers  used  in  the  steam/UMS,  OPAB/UMS, 
and  OPAB/PMS  vapor  sampling  experiments.  Because  of  the  lack  of  selectivity 
of  the  enzymatic  procedure,  the  positive  responses  may  be  caused  by  decompo¬ 
sition  products  or  other  contaminants  (e.g.,  the  decontaminant)  which  may 
exhibit  cholinesterase  activity.* 

Positive  responses  were  also  obtained  for  all  of  the  VX-contami- 
nated  coupons  except  the  steam/PMS  coupon.  Again,  a  positive  response 
indicates  that  the  coupon  may  have  had  residual  VX  contamination.  However, 
a  negative  response  suggests  that  the  coupon  did  not  have  residual  VX  contami¬ 
nation  unless  VX  decomposition  products  were  formed  which  reacted  with 
the  color  producing  chemical  in  the  enzymatic  procedure  (i.e.  5 ,5 ' -di thi obi s- 
2-nitrobenzo ic  acid).  This  may  lead  to  a  false  negative  because  the  color 
produced  above  may  counteract  the  absence  of  color  caused  by  VX  interaction 
with  the  bovine  enzyme. 

A  comparison  of  results  from  the  vapor  sampling  and  extraction 
methods  is  given  in  Table  20.  Analysis  of  coupons  from  the  GB/hot  gas 
and  VX/steam  experiments  gave  anomalous  results  in  that  the  extraction 
method  involving  a  GC-FPD  for  agent  detection  gave  a  positive  response 
while  the  vapor  sampling  procedure  involving  the  more  sensitive  enzyme 
inhibition  apparatus  gave  negative  results.  However,  analysis  of  the  coupons 
from  the  VX/hot  gas  and  VX/OPAB  experiments  gave  a  positive  response  for 
VX  by  the  vapor  sampling/enzymatic  procedure  and  a  negative  response  for 
VX  by  the  extraction/GC-FPD  procedure.  The  positive  responses  by  the  enzymatic 
method  were  below  the  detection  limit  of  the  GC-FPD  method. 


*  NaOH,  hexane,  and  organic  solvents  interfere  with  the  enzymatic  procedure 
but  do  not  necessarily  cause  cholinesterase  depression. 
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TABLE  19.  RESULTS  FROM  VAPOR  SAMPLING  EXPERIMENTS  INVOLVING  DECONTAMINATED  COUPONS 
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(d)  SDL  -  Below  detectable  limit. 
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TABLE  20.  COMPARISON  OF  THE  VAPOR  SAMPLING  AND  THE 
EXTRACTION  METHODS  FOR  QUANTIFICATION  OF 
HD,  GB,  AND  VX  ON  PAINTED  MILD  STEEL 
COUPONS 


Decontamination 

Method 

Aqent 

Agent  Found  by 

Vapor  Sampling,1^ 

ug 

Agent  Found  by 
Extraction , 
ug 

Hot  Gases 

HD 

<19.9 

<1  .2 

GB 

<  0.03 

0.6 

VX 

0.008 

<0.1 

Steam 

HD 

<19.5 

<1  .2 

GB 

<  0.02 

<0.1 

VX 

<  0.002 

0.2 

OPAB 

HD 

<11.0 

4.0 

GB 

1.393 

60.0 

VX 

0.015 

<2.0 

(a)  GB  and  VX  impingers  analyzed  by  enzymatic  inhibition.  hD  impingers 
analyzed  by  GC-Hall  Detector. 

(b)  HD,  GB,  and  VX  coupon  extracts  analyzed  by  GC-FPD  in  either 
the  phoohorous  mode  (GB  and  VX)  or  the  sulfur  mode  (HD). 
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Conclusions  from  the  vapor  sampling  tests  are  as  follows: 
t  Based  on  the  baseline  experiments  for  the  elevated  tempera¬ 
ture  vapor  sampling  technique,  it  appears  that  solvents  such 
as  hexane  and  methylene  chloride  are  more  effective  than 
warm  (60  C)  air  in  extraction  of  HO,  GB  and  VX  from  painted 
and  unpainted  metal  surfaces. 

•  The  solvent  extraction  method  provides  a  more  reliable  deter¬ 
mination  of  the  presence  of  agent  than  the  vapor  sampling 
method  due  to  the  specificity  of  the  GC  detectors  to  the 
various  agents  and,  occassional ly,  agent  degradation  products. 


8.0  VENTILATION  TESTS 


Ventilation  tests  were  performed  to  develop  baseline  data  for 
the  decontamination  test  chamber  to  show  the  effect  of  chamber  ventilation 
on  spiked  coupons.  No  decontamination  treatment  was  applied  to  the  coupons 
during  the  ventilation  tests.  In  the  ventilation  tests  each  coupon  was 
spiked  with  10  mg  of  agent  and  placed  inside  the  decontamination  test  chamber. 
The  test  chamber  was  then  ventilated  by  passing  through  nitrogen  at  ambient 
temperatures.  The  coupons  were  then  removed  and  analyzed  for  agent.  The 
results  shown  in  Table  21  indicate  that  HD  and  GB  are  retained  by  paint 
but  readily  volatilize  from  unpainted  steel.  Impinger  analyses  indicated 
that  undecomposed  agent  was  volatilized  from  the  coupons.  A  substantial 
amount  of  HD  and  VX  were  recovered  by  the  impinger  in  Experiment  4  and 
8,  respectively. 


9.0  CONCLUSIONS/RECOMMENDATIONS 


Results  from  the  decontamination  tests  indicate  that  the  hot 
gas,  and  steam  concepts  are  each  effective  decontaminants  for  painted  and 
unpainted  mild  and  stainless  steel  and  porous  materials  such  as  concrete 
and  unglazed  porcelain.  As  such,  these  concepts  should  be  further  evalu¬ 
ated  in  the  engineering/economic  analysis.  Further  evaluations  of  0PA3 
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TABLE  21.  RESULTS  FROM  CHAMBER  VENTILATION  (BASELINE)  EXPERIMENTS 

USING  ALKYD  PAINTED  AND  UNPAINTED  MILD  AND  STAINLESS  STEEL  COUPONS 
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should  focus  on  specific  applications  such  as  decontamination  of  painted 
and  unpainted  mild  and  stainless  steel  and  as  a  protective  coating  on  porous 
materials  such  as  concrete. 

Results  from  the  vapor  sampling  tests  indicate  that  the  solvent 
extraction  method  works  as  well  as  or  better  than  the  vapor  sampling  method 
for  quantification  or  HD,  GS  and  VX  on  painted  and  unpainted  steels.  Future 
tests  should  consider  the  use  of  the  solvent  extraction  method  in  conjunction 
with  or  as  a  replacement  for  the  current  Army  vapor  sampling  procedures. 
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EXECUTIVE  SUMMARY 


An  engineering/economic  analysis  was  performed  on  the  hot  gas  and 
steam  decontamination  concepts  selected  from  the  experimental  evaluations  in 
Subtask  6.  Equipment  was  specified  and  costs  were  estimated  for  application 
of  the  concepts  to  a  model  facility  representati ve  of  structures  observed 
during  the  Phase  1  site  surveys.  Results  of  the  analyses  suggest  that  it 
is  feasible  to  apply  the  hot  gas  and  steam  contamination  concepts  for  decon¬ 
tamination  of  field  structures.  In  terms  of  cost,  the  hot  gas  concept  is 
slightly  preferred  over  the  steam  concept  for  the  assumption  that  the  entire 
building  is  contaminated  throughout.  In  the  hot  gas  concept,  flue  gases  from 
the  combustion  of  oil  or  natural  gas  are  directed  into  a  sealed  and  insulated 
building.  Gas  exhausted  from  the  building  is  treated  in  an  afterburner  to 
destroy  traces  of  volatilized  agent,  cooled  by  quenching  with  water,  directed 
through  an  induced  draft  fan,  and  exhausted  to  the  outside  from  a  stack.  The 
induced  draft  fan  maintains  both  a  flow  through  the  system  and  a  slight  negative 
pressure  within  the  building  to  minimize  leakage  o*  air  potentially  contam¬ 
inated  with  agent  to  the  outside. 
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SUMMARY  REPORT 


TASK  3  SUBTASK  7 
ENGINERING/ECONOMIC  ANALYSES 
Contract  No.  OAAKll-Sl-C-OlOl 


UNITED  STATES  ARMY 

TOXIC  AND  HAZARDOUS  MATERIALS  AGENCY 


1.0  INTRODUCTION 


As  part  of  the  development  of  novel  decontamination  concepts  for 
chemical  agent  contaminated  facilities  an  engineering/economic  analysis  .vas 
performed  on  the  most  promising  decontamination  concepts  identified  from  the 
experimental  evaluations  in  Subtasks  3  through  60*4).  The  two  concepts 
selected  for  the  analyses  are: 

•  Hot  Gas 

•  Steam. 

The  engineering  and  economic  feasibilities  for  the  application  of 
these  concepts  were  determined  with  a  "model"  facility  based  on  structures 
representative  of  those  observed  in  the  field.  Heat  and  mass  transfer  calcu¬ 
lations  on  the  structure  were  used  as  the  basis  for  process  layouts,  equipment 
selection  and  estimation  of  capital  and  operating  costs.  Because  a  certified 
procedure  is  not  available,  the  following  operations  w '■•re  not  included  in  the 
cost  analysis: 

•  Identification  of  contamination  levels  prior  to  decontamination 

•  Sampling  and  analysis  during  decontamination 

•  Verification  of  the  effectiveness  of  the  decontamination 
treatment . 

Because  these  operations  would  be  common  to  all  decontamination  methods,  no 
effect  on  the  comparison  cost  analysis  is  anticipated.  An  absolute  building 
decontamination  cost  estimate  cannot  be  made  until  further  information  is 
obtained  in  Phase  III  of  the  program. 
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2.0  OBJECTIVE 


The  objectives  of  Subtask  7  were  to  (1)  determine  the 
engineering  feasibility  of  the  most  oromising  decontamination  concents 
as  applied  to  structures  representative  of  a  field  facility,  (2)  specify 
equipment  and  ooerations  such  that  estimates  of  caoital  and  operating 
costs  can  be  made  and  (31  select  a  concept  for  further  evaluation  in 
Phase  III. 


3.0  DESCRIPTION  OF  FACILITY  USED  AS  THE  BASIS  FOR 
THE  ENGINEERING/ ECONOMIC  ANALYSES' 

Site  surveys  at  agent-contaminated  facilities  were  performed 
during  Phase  I  of  the  program. io)  3ased  on  these  surveys,  three  struc¬ 
tures  were  selected  to  serve  as  the  basis  for  the  engineering/economic 
analysis.  A  description  of  these  structures  is  given  in  Table  1. 
Illustrations  are  given  in  Figures  1  through  3.  Because  data  regarding 
the  extent  of  contamination  of  field  structures  is  unavailable,  it  vas 
assumed  that  the  buildings  were  contaminated  throughout.  3ecause  of  the 
limited  penetration  into  porous  material,  0PA3  was  not  selected  for 
evaluation  in  the  eng ineeri ng/economi c  analysis. 


4.0  HOT  GAS  DECONTAMINATION  CONCEPT 

The  hot  gas  decontamination  concent  involves  the  use  of 
combustion  flue  gas  to  thermally  decontaminate  materials  such  as  steels 
and  concrete.  The  conditions  for  decontamination  and  constraints  in  the 
process  that  were  determined  through  experimental  evaluation  in  Subtasks 
5' 3)  and  5(4)  are  as  follows. 

•  Painted  and  unpainted  metal  and  stainless  steel  conta¬ 
minated  with  HD,  G3  or  VX  C3n  be  decontaminated  to  below 
the  detectable  limit  by  maintaining  the  surface  at  a  tem¬ 
perature  of  150  C  (300  F)  for  50  minutes. 
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DESCRIPTION  OF  THREE  BUILDINGS  USED  AS  THE  BASIS  FOR  THE  ENGINEERING  ANALYSIS 
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FIGURE  1.  MODEL  FOR  BUILDING  1  OF  THE  FACILITY  USED  AS  THE 


BASIS  FOR  THE  ENGINEERING  ANALYSIS 
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FIGURE  2 


MODEL  FOR  BUILDING  2  OF  THE  FACILITY  USED  AS  THE 
BASIS  FOR  THE  ENGINEERING  ANALYSIS 
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FIGURE  3.  MODEL  FOR  BUILDING  3  OF  THE  FACILITY  USED  AS  THE 
BASIS  FOR  THE  ENGINEERING  ANALYSIS 
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•  Concrete  contaminated  with  HD  and  porous  materials  (e.g., 
unglazed  porcelain)  contaminated  with  GB  and  VX  can  be 
decontaminated  to  below  the  detectable  limit  by  heating  the 
material  up  to  a  temperature  of  150  C  (300  F). 

•  Decontamination  involves  not  only  thermal  degradation  of 
agent  but  also  volatilization  of  undecomposed  agent  from 
the  material.  The  volatilized  agent  is  expelled  in  the 
exhaust  stream.  Experimental  results  also  suggest  that 
agent  may  diffuse  through  porous  materials  from  region  of 
high  temperatures  to  regions  of  lower  temperatures.  As 
such,  methods  to  decompose  volatilized  agent  and  to  prevent 
redeposition  in  "cold"  spots  are  required. 

These  process  conditions/constraints  were  used  to  perform  heat  balances 
and  to  specify  and  cost  of  the  decontamination  equipment. 

4.1  Hot  Gas  Heat  Transfer  Calculations 


Heat  balances  were  performed  on  each  of  the  three  representa¬ 
tive  agent  contaminated  structures  described  in  Table  1.  In  the  heat 
balances  the  hot  gas  flow  rate,  inlet  gas  temperature  and  insulation 
thickness  were  varied  to  evaluate  their  effect  on  the  feasibility  and 
cost  of  the  concept.  The  range  of  values  used  for  the  variables  are  as 
follows. 

•  Hot  gas  flow  rate-1000,  2000,  3000  and  4000  scfm 

•  Inlet  gas  temperature-1500  and  2000  F 

•  Insulation  thickness-2,  4  and  12  inches* 

A  description  of  the  calculation  Drocedure,  including  a  sample 
calculation,  and  the  results  of  the  calculations  are  given  in  the  next 
sections. 


*  An  insulation  thickness  of  0  inches  was  evaluated  but  did  not  allow 
the  requirement  of  heating  all  building  materials  throughout  to  a 
temperature  of  300  F. 
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4.1.1  Hot  Gas  Heat  Transfer 
Calculation  Procedure  ~ 


The  method  used  to  calculate  heat  requirements  and  times  for 
each  of  the  buildings  involved  an  iterative  method.  The  following  are 
the  steps  in  the  calculation  procedure: 

Step  1:  The  hot  gas  outlet  temperature  (TOUT)  is  estimated. 

Step  2:  The  inside  heat  transfer  coefficient  (HI)  is  cal¬ 
culated. 

Step  3:  The  inside  wall  temperature  (TW1)  is  calculated. 

Step  4:  The  temperature  profiles  in  the  concrete  walls  and/or 
floor  are  calculated. 

Step  5:  4  heat  balance  is  performed  where  the  heat  released 

by  the  gas  is  compared  with  the  heat  absorbed  by  the 
concrete  and  the  heat  losses.  Steps  1  through  4  are 
repeated  until  a  heat  balance  is  achieved. 

Step  6:  Steps  1  through  5  are  repeated  for  the  next  time 
increment. 

An  example  of  the  calculations  using  the  Building  1  parameters 
given  in  Table  1  (i.e.,  H-15  ft,  L=15Q  ft,  W=70  ft)  and  a  2000  scfm  hot 
gas  flow  at  a  2000  F  inlet  gas  temperature  is  given  as  follows. 
Definitions  of  the  variables  used  in  the  calculations  are  given  in 
Table  2. 


4. 1.1.1  Preliminary  Calculations. 

AREA1  =  ( 150x70) +(1 50x15 )x2  +  (70xl5)x2  =  17100  ft2 
AREA2  •  150x70  =  10500  ft2 
CSAREA  =  70x15  =  1050  ft2 

HYD0  =  4xCSAREA/PERINIETER  =  4x1050/(140  +  30)  =  24.7  ft 

4. 1.1. 2  Step  1.  In  the  first  approximation  TEMPI  =  70  F. 
Assume  TOUT  increases  by  50  F  in  the  first  time  interval  of  one  hour. 

TOUT  =  TEMPI  +  50  =  70  +  50  =  120  F 
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TABLE  2.  DEFINITIONS  OF  VARIABLES  USED  IN  THE 
BUILDING  HEAT  TRANSFER  CALCULATIONS 


i 


ALPHA  -  Thermal  diffusivity  of  concrete  3  CC0N/(CPC0N  X  DENSC]  _ 

AREA1  *  Building  surface  area  exposed  to  soil  (ft2)  ' 

AREA2  *  Building  surface  area  exposed  to  air  (ft’) 

BIOT  *  Biot  Number 

CCON  3  Thermal  conductivity  of  concrete  3  .7  BTU/ft/hr/F 

CINS  *  Thermal  conductivity  of  insulation  3  .05  BTU/ft/hr/F  I 

CMASS  *  Mass  of  concrete  in  the  building  (lb) 

CONG  3  Thermal  conductivity  of  the  hot  gas  (BTU/ft/hr/F) 

CP  3  Specific  heat  of  the  hot  gas  (BTU/lb/F) 

CPCON  3  Specific  heat  of  concrete  3  .21  BTU/lb/F 
CPINS  =  Specific  heat  of  insulation  =  0.2  BTU/lb/F 

CPMET  3  Specific  heat  of  the  metal  3  0.11  BTU/lb/F 

CPSOIl  3  Specific  Heat  of  soil  3  .44  BTU/lb/F  j 

CSAREA  =  Cross  Sectional  area  of  hot  gas  flow  (ft2) 

CSOIL  3  Thermal  conductivity  of  soil  3  .3  BTU/ft/hr/F 


gas  (lb/ft/sec) 
te  3  144  lb/ft3 


DENS  3  Density  of  the  hot 
DENSC  •  Density  of  concrete  _ 

DENSSL  3  Density  of  soil  3  128  lb/ft3 
DEPTH  3  Concrete  thickness  (ft) 

DINS  3  Insulation  thickness  3  0.167,  0.333  or  1.000  ft 

FINF  3  Infiltration  air  flowrate  3  100  SCFM 

FLOW  3  Hot  Gas  flow  rate  3  1000,  2000,  3000,  or  4000  SCFM 

GR  3  Grashof  number 

H  3  Height  of  building  (ft) 

HCOND  3  Conduction  heat  transfer  from  the  hot  gas  (BTU/ft/hr/F) 

HFCON  3  Forced  convection  heat  transfer  from  the  hot  gas  (BTU/ft2/hr/F) 

HI  3  Inside  heat  transfer  coefficient  (BTU/ft2/hr/F) 

HNCON  3  Natural  convection  heat  transfer  from  the  hot  gas  (BTU/ft2/hr/F) 

HO  =  Outside  heat  transfer  coefficient  to  the  soil  ( BTU/ft 2 /hr /F ) 

HRAD  3  Radiation  heat  transfer  from  the  hot  gas  (BTU/ft2/hr/F) 

HYDD  3  Hydraulic  diameter  of  building  in  direction  of  the  hot  gas  flow  (ft) 
L  3  Length  of  building  (ft) 

PR  =  Prandtl  number 

QABS  3  Heat  absorbed  by  the  concrete  (BTU) 

qGAS  3  Heat  released  by  the  gas  (BTU) 

QHL1  3  Heat  loss  to  the  soil  (BTU) 

QHL2  3  Heat  loss  to  air  and  heat  loss  to  air  infiltration 

QINF  =  Heat  loss  due  to  air  infiltration  (BTU) 


(BTU) 


QINS  3  Heat  absorbed  by  the  insulation  (BTU) 

QMET  =  Heat  absorbed  by  the  metal  (3TU) 

QTOTAL  3  Total  heat  loss  (8TU) 

RATIO  3  Dimensionless  spacing  Interval 
RE  =  Reynolds  number 

TAVG  3  Average  Temperature  of  the  hot  gas  (R) 

TEMPI  3  Current  inside  wall  temperature  (F) 

TIME  3  Calculation  time  increment  3  1  hr 
TIN  -  Inlet  gas  temperature  3  1500  or  2000  F 
TO  3  Initial  building  temperature  3  70  F 
TOUT  3  Hot  gas  outlet  temperature  (F) 

TW1=  Inside  wall  temperature  (F) 

TW2  3  Outside  wall  temperature  (F) 

VEL  =  Velocity  of  the  hot  gas  (ft/sec) 

VIS  3  Viscosity  of  the  hot  gas  (lb/ft/sec) 

W  3  Width  of  building  (ft) 

WINS  3  Weight  of  insulation  3  OINS  X  AREA2  X  10  lb/ft3 
WMET  3  Weight  of  metal  3  10  ton  X  2000  *■  other  metal  (lbs) 
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4. 1.1. 3  Step  2.  The  specific  heat  and  average  temperature  of 
the  hot  gas  is  then  calculated  as  follows: 

TAVG  =  460  +  (TOUT  +  TIN)/2  =  1520  R 
CP*  =  .2232  +  2.69x10-5*TAV&  =  .2642  BTU/lb/F 
The  heat  released  by  the  gas  is  calculated  as  follows: 

QGAS  =  qgas  x  TIME  =  mCPAT 

where  m  =  FL0W(SCFM)x60(min./hr)x29( -ib/lb-mole)/359(SCF/lb-mole) 

TIME  s  1  hr  increment 
CP  =  .2642  (BTU/lb/F) 

AT  =  (TIN  -  TOUT) (F) 

QGAS  =  2000x50x29x1 /359x.2642x( 2000  -  70)  =  4.9428x105  3TU 

The  effects  of  heat  transfer  by  radiation,  forced  convection, 
natural  convection,  and  conduction  are  considered  in  calculating  the 
inside  heat  transfer  coefficient  as  follows: 


Radiation: 

HRAD  =<J€£FF(TAVG4  T2*)/(TAVG  -  T2) 
where  O  =  1.714x10-9  BTU/hr/ft? 'R4 
€EFF  *  Effective  emissivity 
T2  =  TEMPI  +  460  =  70  +  460  =  530  R 
TAVG  =  1520  R 


For  combustion  of  methane  in  100  percent  excess  air,  the 


resulting  flue  gas  contains  10  molar  percent  H2O  and  5  molar  percent 


C02. 


Let  L  =  3.4  x 


vo  1  ume 

surface  area 


-1  h  P  HxLxW  1 

3'4  L  AREA!" +  AREA2J 

,  *  f 15  x  150  x  70] 

L 171 00  +  10500 J 


19.4 


*  Derived  from  physical  properties  of  air  at  30  to  2060  F. 
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PwL  =  0.1  x  19.4  =  1.9 
At  TAVG  =  1520  R,  €w  -  0.33* 

Pel  =  0.05  x  19.4  =  1.0 
At  TAVG  =  1520  R,  6C  =  0.15** 

The  emissiv'ty  correction  factor  due  to  spectral  overlap  of  water  vapor 
and  carbon  oxide  is  neglected.  The  gas  emissivity  is  then: 

eGAS  =  0.33  +  0.15  =  0.43 
€  CONCRETE ( unpai nted )  =  0.63 

€£FF  =  1  ,  \  7  =  0.37 

0.48  0.63  ”  1 

HRAD  =  S.342xl0-10X(TAVG4-T24)/(TAVG  -  T2) 

HRAD  =  6.342xl0"10x(15204  -  5304)/(1520  -  530)  =  3.3690  STU/ft^/hr/F 
Forced  Convection: 

CONG***  =  4.077x10-4  +  3.071xlO"5xTAVG  -  6.557xl0~9xTAVG2 
+  7.890xl0-13xTAVSJ  =  .0347  BTU/ft/hr/F 

Vis***  -  (.2067  +  2.216xl0-3xTAVG  -  5.779xl0"7xTAVG2  + 
9.031xl0-nxTAVG3)xl0-5  =  2.52xl0‘5  lb/ft/sec 

DENS***  »  39 .733 /T AV G  =  .0261  lb/ft3 

VEL  =  FL0W(SCrM)xTAVG(F)/CSAREA(ft2)/60( sec/mi n) /492(F) 

VEL  =  2000x1520x71050/60/492  -  .098  ft/sec 


*  Table  4-15  from  Heat  Transmission  by  W.  H.  McAdams,  oub.  by 
McGraw-Hill,  1954. 

**  1 3 ID ,  Table  4-13. 

***  Derived  from  ohysical  prooerties  of  air  at  30  to  2060  F. 
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RE  =  HYDD(f t)xDENS( lb/ft 3)xVEL( ft/sec) /VIS ( 1b /ft /sec) 

[(  RE  =  24. 7x.0261x. 098/2. 52xl0'5  -  2507 

PR  =  V IS  ( 1  b/ft /sec )  xCP  ( BTU/ 1  b/F  )x 3600 (  sec /hr )  /C0NG(3TU/f t/hr/F ) 
■  PR  =  2. 52xl0-5x. 2642x3600/. 0347  =  .6907 

IB 

HF CON  =  Nu  x  CONG/HYDD 


where  CONG  =  .0347  BTU/ft/hr/F 
HYDD  =  24.7  ft 
Nu  =  .023  RE-SpR-3** 

RE  =  2507 
PR  -  .6907 

HFCON  =  (C0NG/HYDD)x.Q23xRE-8xPR-3 

HFCON  =  .0347/24. 7x.023x2507-Sx. 6907-3  =  .01515 

BT'J/ft2/hr/F 

Natural  Convection: 

BETA*  =  (4.17  -  6.038xl0-3xTAVG  +  3.6S4xl0-5xTAVG2  - 

7.312xl0'13xTAVG3)xl0-3  =  .6S4xlO-3  F'1 

GR  =  0ENS2nb2/ft6)x32.174(ft/sec2)xBETA(F-1lxHY0D3(ft31x 
(TAVG  -  T2)(F)/VIS-( lb-/ft-/sec2) 

GR  =  ( .0261 )  2x32 . 174x.000684x(  24 . 7)  3x(  1520  -  5301/(2.52x10-^2 
GR  =  3.5213-xlO11 
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HNCON  =  Nu  x  CONG/HYDD 

where  CONG  =  .0347  BTU/ft/hr/F 
HYDD  =  24.7  ft 
Nu  =  .548(GRPR)-25* 

GR  =  3.5213xl0u 
PR  -  .6907 

HNCON  -  (C0NG/HYD0)x.548x(GRxPR)-25 
HNCON  =  . 0347/24. 7x.548x(3.5213xl0llx. 6907). 25 
=  .5407  BTU/ft2/hr/F 


Conduction: 

HCOND  =  C0NG/V(4  agas  *  TIME) 

where  CONG  =  .0347  3TU/ft/hr/F 
TIME  =  1  hr 
Ogas  3  CONG/ (OENSxC?) 

CP  =  .2642  3TU/lb/F 

HCOND  =  . 0347 /\/(4xlx. 0347 /( .02~61x.2642) )  =  .0077 
BTU/ft2/hr/F 


The  total  inside  heat  transfer  coefficient  is: 

HI  =  HRAD  +  HFCON  +  HNCON  +  HCOND 

HI  =  3.3690  +  .01515  +  .5407  +  .0077  =  3.9325  BTU/f t2/iir/F 
4. 1.1. 4  Step  3: 

The  inside  wall  temperature  is  calculated  as  follows: 

TH1  =  TOUT  -  QGAS/(TIMExHIx( AREA1  +  AREA2 ) ) 

TW1  =  120  -  4 . 9 4 2 3 x 1 0 ^ /( 1 x 3 . 9 3 2 5 x ( 1 7 1 00  +  10500)) 

=  75.649  F 


*  For  a  vertical  surface.  I  10  pa.  354, 
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4. 1.1.5  Step  4: 

The  temperature  orofile  in  concrete  is  calculated  as  follows 

DELX  =  DEPTH/INVL  =  1/12  =  .0833  ft 

RATIO  =  TIMExALPHA/DELX2 

RATIO  =  lx.023/.08332 

HO  =  CSOIL/  V(4  xOsoiL  x  TIME) 

where  CSOIL  =  .3  BTU/ft/hr/F 

TIME  =  1  hr 

aS0il  =  CSOIL /(CPSOILxDENSSL) 

CPSOIL  =  .44  BTU/lb/F 
DENSSL  -  123  lb/ft3 

HO  =  .3/V(4xlx.3/f  .44x123))  =  2.0552  BTU/ft2/hr/F 
BIOT  =  Biot  number  =  HO  x  L/CCON 

where  HO  =  2.0552  3TU/ft2/hr/F 

DEPTH  =  1  ft 
CCON  =  .7  BTU/ft/hr/F 

BIOT  =  2. 0552x1/. 7  =  2.936 

These  values  are  then  used  to  calculate  the  temperature 
profile.  The  temperature  profile  was  calculated  using  an  implicit 
differential  method.*  The  recursion  formula  was: 

-RATIO  x  Ti_if  j+i  +  (1  +  ZxRATIO)  x  Tifj+i  -  RATIO  x  Ti+ij+i  =  Tij 
where  T  =  temoerature 

i  =  depth  increment 
j  =  time  increment 


*  Applied  Numerical  Methods  by  3.  Carnahan,  et  al . .  1969. 
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™  ■  TJ  I  (WI+U-WI)) 

TA  =  ^((75.65  +  73 . 29 ) /2  -  (70  +  70)/2)  +  ((73.29  -  71.91) /2  - 

(70  +  70)/2)  +  .  +  ((70.02  -  70.01) /2  -  (70  +  70) /2) 

TA  =  .39  F 

4. 1.1.6  Step  5.  The  heat  balances  yield  the  following  results: 
For  the  heat  absorbed  by  the  concrete  wall: 

QAB$  =  9abs  x  TIME  =  CMASS  x  CPC0N  x  TA  x  TIME 
where  TA  =  .39  F 

CPCON  -  .21  BTU/lb/F 
CMASS  -  AREAlxDEPTHxDENSC 
AREA1  -  17100  ft2 
DEPTH  =  1  ft 
DENSC  =  144  Ib/f t 3 
TIME  =  1  hr 

QA3S  =  17100xlxl44x.21x.89  =  4.6022x105  BT'J 

For  the  heat  absorbed  by  the  insulation  on  the  building  exterior: 

OINS  =  CPINS  x  WINS*  (TW2CURR£NT  -  TW2pRtVI0US)/2  *  TIME 
=  0.2  x  0.1667*  x  (70.01  -  70.0)  x  1 
QINS  =  0 

For  the  heat  loss  to  the  soil: 

QHll  =  bhlxTIME  =  H0  *  AREA1  (™2  -  TO)  x  TIME 
where  AREA1  =  17100  ft2 
TIME  =  1  hr 
TW2  «  70.012  F 
TO  =  70  F 

HO  =  2.0552  3TU/ft2/hr/F 
QHll  =  2. 0552x17100 x (70.012  -  70)  -  422  3T'J 


For  the  heat  loss  due  to  air  infiltration  into  the  building  through  cracks 
and  other  small  openings: 


*  For  2  inches  of  insulation, 
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QINF  =  QinfxTIME  =  rtiCp(TWl  -  TO)  x  TIME 

where  Cp  =  .24  BT'J/lb/F 

TWl  =  75.649  F 
TO  =  70  F 

rti  =  FINF(SCFM)x60(min/hr)x29(  lb/lb-mo1e)/359(SCF/lb-mole) 
FINF  =  100  SCFM 
TIME  =  1  hr 

QINF  =  I00x60xlx29/359x.24x{75.649  -  70)  =  657  3TU 

For  the  heat  loss  to  the  air: 

QHL2  =  QhlxTIME  =  U  x  AREA2  x  (TWl  -  TO)  x  TIME 
where  AREA2  =  10500  ft2 

TWl  =  75.649  F 
TO  =  70  F 

U  =  l/( DINS/CINS  +  1/4.6) 

DINS  =  .3333  ft 
CINS  =  .05  BTU/ft/hr/F 
TIME  =  1  hr 

QHL2  =  l/( .3333/. 05  +  l/4.6)xl0500xlx(75.649  -  70)  =  3617  BTU 

The  total  heat  absorbed/lost  is: 

QTOTAL  =  QABS  +  QINS  +  QMET  +  QHLl  +  QHL2  +  QINF 

QTOTAL  =  460,220  +  0  +  23  +  422  +  8517  +  657  =  469,939  3TU 

4. 1.1. 7  Step  6.  Next,  QABS  and  QTOTAL  are  compared  and  TOUT  is 
incremented  until  QABS  and  QTOTAL  converge  (i.e.,  repeat  steps  1-5). 

4. 1.1. 3  Example  Output.  An  example  computer  output  is  given  in 
Figure  4.  Heating  curves  for  the  application  of  2000  scfm  of  2000  F  hot 
gas  to  Building  1  are  illustrated  in  Figure  5. 
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BUILD  I  M3  HEAT  TRANSFER  CALCULATIONS: TAST  7-BLDC.  »7 

FLOU-ZOOO.OO  3CFM.  TIN-  2000.00  DEGREES  F .  DIMS-  .loo'  FEET. 

ITERATION  NUMBER  5  TIME--  5. 'XV  HOURS 

THE  TEMPERATURE  PROFILE  AT  TIME  5.00  IS: 

“97 . 44  DTE. SO  277.30  230.39  193.01 

161.31  139.23  121.20  107.73  97.94 

91.10  36. =6  84.22 

TOUT*  438.99  HI*  6.0838  TW1-  397.44  TW2=  94.22  HO*  .9191 

DABS*.  233E*07  DHL  1  * .  653£*-05  DHLS*.  I03E-07  OINK*.  331E+'''5  01 NS* .  325E-07 
OMET  =  .  66oE*05  EGAS*.  406E+07  .  QTOTAL*.  407E-07 

ITERATION  NUMBER  10  TIME-10. 00  HOURS 

In£  TEMPERATURE  PROFILE  AT  TIME  10.00  IS: 

439.43  433.19  331.62  335.07  293.66 

257.41  226.20  199.33  173.05  160.56 

147.05  137.26  130.92 

TOUT*  523.94  HI*  6.9634  TW1*  439.48  TW2*  130.92  HO*  .=4*9 

GABS* . 226E-07  CHL1*. 193E+06  QHL2*. 1 33E+07  Q INF* . 4S8E+93  GINS*. 262E-03 
QilET * .  733E-03  QGAS*.  386E+07  QTOTAL*.  386E-*07 

ITERATION  NUMBER  15  TIME* 15. 00  HOURS 

THE  TEMPERATURE  PROFILE  AT  TIME  13.00  13: 

545.42  495.-1  443.44  405.03  383.41 

329. 6'-'  297. 269.79  245.30  225.68 

209.33  196.69  ie7.S6 

TOUT*  Z~ 6. 22  HI*  7.5299  TW1*  345.42  TU2*  137.56  mQ* 

QABS*.  135E CHH-.312E-06  QHL2*. 133E-07  GIMP*.  533E-  '5 
QMET*.  223E*05  EGAS* .  373E+07  QTOTAL*.  377E-o- 

ITEPATIOM  NUMBER  20  TIME =20. 00  HOURS 

THE  TEMPERATURE  PROFILE  AT  TIME  20.00  IS: 

386.04  341.37  498.61  458.60  4*1.52 
-•3 1.5  .*  .-56  .<6  .-29.  2.  .-’-.iS  .12  ^.84  •  ..2 

266.35  252.63  241.72 

TOUT  =  ^15.02  HI*  7.9634  TW1*  586.64  TW2*  241.72  H 

0AP2*. I5SE+07  OHL 1 = . 393E+C6  0HL2*. 166E-07  IJINF*.  4>01E  •• 

OMET*.  I76E-05  C'GAS*.  364E-9?  QTOTAL* .  364E *07 

ITERATION  NUMBER  23  TIME-25.00  HOURS 

THE  TEMPERATURE  PROFILE  AT  TIME  25.00  IS: 
ol7.33  573.32  339.10  502.14  4*7. «0 
433. o2  406.74  779.34  35c. 18  733.40 

717.32  702.51  29-:-.  74 

TOUT  *  643.13  HI*  3.7278  TWt*  cl”. 53  TW2*  Z”-'.  74  HQ* 

QABS* .  1 72E—  1  — .  4532 *«'><6  OHL 2  * .  1  77E--7  OINr*.  o  *9E-"3 

OMET*.  i  a 2E "3A3*.  7* ■;£ n TOTAL  73.-.E 

I  TER  ATI  ON  NUMBER  2“  *  l  HE  =27.  .>0  HOURS 

THE  TEMPERATURE  PROFILE  AT  TIME  2“.-jo  12: 

6 7  t .  !  0  59.! .  26  337.  *2  517.47  487.83 

452.  47  4.  -  1  “.97.94  7*4. 53  737.3“ 

775.92  320.o9  7-.n3.l6 

TOUT*  657.0“  HI*  8.4529  TUI  *  671.  to  rUJ2  =■  !•  ‘3.  1  .>  nn - 

QABS*.  124E+*'>7  «?MU«.47tG*->6  Cl  ".2*  .  !  O'  f  —  >7  GIMP*.  „57r  ■  ■  '3 

OMET*.  170E-1--5  90A8*.  257E-**'-7  CTOTAl.  *.  754E *-.7 


FIGURE  4.  EXAMPLE  COMPUTER  OUTPUT  FOR  THE 
HOT  GAS  DECONTAMINATION  HEAT 
BALANCE  CALCULATIONS 
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4.1.2  Results  of  Hot  Gas  Heat 


ransfer  Calculations 


The  results  of  the  heat  transfer  calculations  for  the  three 
buildings  are  given  in  Tables  3  through  5. 

Heating  time  versus  hot  gas  flow  rate  curves  for  varying  hot 
gas  inlet  temperatures  and  insulation  thicknesses  are  illustrated  in 
Figure  6  (Building  1),  Figure  7  (3uilding  2)  and  Figure  3  (3uilding  3). 

Fuel  requirement  versus  hot  gas  flow  rate  curves  for  varying 
hot  gas  inlet  temperatures  and  insulation  thicknesses  are  illustrated  in 
Figure  9  (Building  1),  Figure  10  (Building  2)  and  Figure  11 
(Building  3). 

Final  inside  wall  temperature  versus  hot  gas  flow  rate  curves 
for  varying  hot  gas  inlet  temperatures  and  insulation  thicknesses  are 
illustrated  in  Figure  12  (Building  1),  Figure  13  (Building  2)  and 
Figure  14  (Building  3). 

It  is  interesting  to  note  that  for  Building  2,  an  increase  in 
insulation  thickness  results  in  a  decrease  in  the  f’nal  inside  wall 
temperature  (see  Figure  13).  This  is  opposite  to  the  trends  observed 
for  Buildings  1  and  3  (see  Figures  12  and  14,  respectively).  In 
general,  as  the  insulation  thickness  increases,  the  heat  losses  from  the 
building  decrease.  This  causes  a  decrease  in  the  heat-up  time  which 
should,  in  turn,  result  in  a  lower  wall  temperature.  Factors  which 
would  affect  these  trends  include  the  following: 

•  Type  of  surfaces  being  insulated.  In  Building  2,  the 
insulation  was  placed  on  concrete  walls  whereas  in 
Buildings  1  and  3  the  insulation  was  placed  on  metal 
surfaces.  Also,  al 1  of  the  concrete  from  Buildings  l  and  3 
is  uninsulated  and  exposed  to  the  surrounding  soil  which 
serves  as  a  heat  sink/insulator. 

•  Area  of  surfaces  being  insulated.  The  total  insulated  area 
was  10,500  ft-  for  Building  1,  4,800  ft-  per  floor  for 
Building  2,  and  11,000  ft 2  for  Building  3. 
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TABLE  4.  RESULTS  OF  HEAT  BALANCES  FOR  HOT  GAS  DECONTAMINATION  OF  BUILDING  2 
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thick  concrete. 

(b)  Insulation  is  used  to  reduce  heat  losses  through  the  concrete  walls/ceiling. 

(c)  Time  required  for  the  outside  wall  temperature  of  the  concrete  on  the  first  floor  to  reach  300  F. 
(dj  Natural  gas  was  assumed  to  be  the  fuel  source. 

(e)  Inside  wall  temperature  at  end  of  heat-up. 


TABLE  5.  RESULTS  OF  HEAT  BALANCES  FOR  HOT  GAS  DECONTAMINATION  OF  BUILDING  3 


VI-27 


U. 
qj  O 

L-  CO 

5  o 

CTO 

o »  o 

cn  «— 


<v  x: 

X  ^ 
>s  ZD 
tv  I- 

i  3  ffl 

c  c: 

k  1 

co 


a> 

a  j-  in 
=3  I- 
0^3 
*3  O 
t-  X 
0)  aj 


P  § 


e- . 
D  2  I 
™  S-j 
=  =  I 
gtS' 


«5  £ 

*S‘ 

-I 


COMNCONi£lC'NO 

ffl«rMtna)U30KN  ncLnOrst\j®coicDLnousinM 

rivifl  iONisvo«e^o.cD03«r'NajO'0 


o^MN^tfiicOf-rMaOwCDcsji/'N.wcmn'Tnr) 
vD  m  «J5  fVi  «— *  c?\  rv  i£)  co  rv 

CNJ  r— <  *— 4  •— »  • — I  *— t  * — 1  *— I  r— I  t— l  . — I  *—•  »— *  r-w  l — I  » — '  » — <  *— *  •— *  **-*  • — *  *"*  * — 4 


to 

CD 


N^Hf\jHiflcor,JOrs^nrvilr^OffiCOOp-«CNiJ^ 
cr»  to  lh  ld  m  m  m  m  c%jrvjc\Jc\jruc\iC\j^.--»c\ic\JC\jie- ■  i— i 


*  to 

c 


8_§. 

u”>  O 

CvJ 


_*8. 


O 

•8- 

fvj 


C> 

►  c  . 


o 

© 


g. 


o 

•8- 


o 

_o  - 
© 


o 

-8- 


409 


cn 

c 

o 


OJ 


CNJ«*rCM<M,«Te,\jrvl<'<NJ«Vl*frCsJfM^C\JCSi*rC>jCS<*frCNjOJ«TC''J 


-  8 

g  ri.” 

—  ■  cx 

L.  ^  U 
1/1  O  »-  IO 
■4-  O  *r-  a> 
F-  4J  i- 
4J  H-  U 

•—  ^  o 

a> 

4-*  •— 

.  a>  •—  a) 

*—  U  4-i 

«  u  5  <u 
c  c  C- 
oi  O'-  u 
ui  U  «5  C 
t-  V  o 
<  1)  u 

u  e 

.  •—  QJ 
•U  -C  <U  .C 

X  +*  -C  ■*-» 

4-J 

>,  <*- 
^  o  -c  o 

u  O  “ 

O  «*_  3  <u 

oc  t  o 
<p  L 
<£  C  x 
o  a 

o 

«-  *5  lO 
X)  QJ 

r-  J=  tn 

*■>  in 

w—  o 
C  3E  I— 

■a  ai  +j 
—  W  « 3 
3  ai 
3  r 
CD  (J 
3  41 
V.  V,  U 
OJ  3 
■w  m  ^ 

H-  QJ 
*0  i. 


OJ  QJ  *a 
■a  u  u 
O  ■*«-.  *n 


ro  r“»  c 

to  o 

cn.*-)  ■— 
c  D 
E  *3 

*a  f— 

*-  -c  = 

****  ai  tn 
3  C 

a  r  *- 


n 


(c)  Time  required  for  the  outside  wall  temperatur 
<d)  Natural  gas  was  assumed  to  be  the  fuel  source 
(el  Inside  wall  temperature  at  end  of  heat-up. 


Temperature  (HOURS) 


1  Temperature  (F 
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•  Thickness  of  building  material.  The  material  thickness 
(i.e.  mass)  will  determine  the  response  to  heating  and  the 
subsequent  temperature  profile  and  thermal  inertia  in  the 
materi  al . 

4.2  Hot  Gas  Decontamination  Equipment 
Selection/Costing 

Five  configurations  of  the  hot  gas  decontamination  system  were 
evaluated.  Two  of  the  configurations  shown  in  Figure  15  were  not  costed 
because  of  obvious  disadvantages.  The  remaining  three  concepts  shown  in 
Figure  16  were  further  evaluated  and  costed.  For  costing,  the  system 
was  segmented  into  the  following  components. 

•  Hot  gas  supply  system 

•  Inlet  Duct 

•  Afterburner  (AFB) 

•  Cooling  method 

-  Diluent  air 

-  Quencher 

-  Heat  Exchanger 

•  Ductwork 

•  Induced  Draft  (ID)  Fan 

•  Stack 

These  items  are  discussed  as  follows. 

4.2.1  Hot  Gas  Supply  System 

Hot  gas  is  supplied  to  the  building  by  combustion  of,  for 
example,  natural  gas.  Other  fuels  such  as  fuel  oil  and  propane  may  also 
be  used.  Diluent  air  is  mixed  with  the  combustion  flue  gas  to  enhance 
inlet  gas  temperature  control.  Calculations  for  a  2000  F  inlet  gas 
temperature  and  1000,  2000,  3000,  and  4000  scfm  flow  rates  are  as 
follows.  It  is  important  to  note  that  the  equipment  selected  from  these 
calculations  can  also  be  used  to  generate  1500  F  inlet  gas  by  turndown 
of  the  burner. 
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Fan 
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/Hot  Gas 
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System 
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Heat 
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Induced 
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DISADVANTAGES 

•  Positive  pressure  on 
outlet  of  induced  draft 
fan  may  result  in  leakage 
of  contaminated  gas 

t  Potential  control  problems 
in  balancing  flows  between 
vent  stream  a*d  recycle 
stream 

•  Costly  -  requires  two 
heat  exchangers  and  two 
induced  draft  fans 


Figure  15a 


Hot  Gas 
Supply 


Exhaust 


Building 


Combustion 
- Air 


Afterburner 


Induced 

Draft 

Fan 


Heat 

v Exchanger 


Blower 


Fi gure  1 5b 


DISADVANTAGES 

•  Costly  heat  exchanger  with 
special  material  require¬ 
ments  because  of  high 
temperature  required  on 
hot  gas  supply  stream 

•  Expensive  ductwork 
(refractory-lined)  required 


FIGURE  15.  HOT  GAS  APPLICATION  CONCEPTS  REJECTED  FROM  THE 
ENGINEERING  ANALYSIS 
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Figure  16a.  Diluent  Cooli 
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Fi nure  16c.  Quencher  Cooling  PumP 


FIGURE  16.  HOT  GAS  APPLICATION  CONCEPTS  SELECTED  FOR 
ENGINEERING  EVALUATION 
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4. 2. 1.1  Assumptions. 


•  Combustion  occurs  at  2000  F 

•  Heat  of  combustion  of  CH4  =  23,700  Btu/lb 


4. 2. 1.2  Calculations. 


9T0TAL  =  QAIR 


2000  F 
70  F 


qiOTAL  =  ^CH4  X  heat  of  combustion  -  qcH4 


2000  F 
70  F 


'h  ere 


riiCH4  =  methane  flow  rate  { lb/hr) 


qcH4 


2000  F 
70 


F  =  mCH4  X  15.969*  KCAL/gmmole  X  X  3.953 


Thus,  qiOTAL  =  mCH4  X  21904 
=  58,573  x  vqh4 


where  v  =  volumetric  flow  rate,  scfm 
9AIR  =  ^AIR  CPAIR  (2000-70) 

-  vair  x  60  x  -j|g-  x  0.25  x  (2000-70) 
=  2339  x  vair 


Thus,  58,573  vch4  =  2339  VAIR 

Combine  above  equation  with  vjqtaL  =  vqh4  +  vair  to  obtain  vch4  and 
vair.  The  results  are  given  in  Table  5  along  with  the  required  and 
selected  heat  duty  and  the  flue  gas  composition.  The  selected  heat  duty 
was  based  on  about  a  50  percent  excess  capacity  above  the  required  heat 
duty  to  allow  for  contingencies.  Costs  for  the  hot  gas  supply  system 
are  given  in  Table  7. 


*  From  JANNAF  Thermochemical  Tables. 
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TABLE  6.  HOT  GAS  SUPPLY  MATERIAL  BALANCE 
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TABLE  7.  (Continued) 
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4.2.2  Inlet  Duct 


The  burner  generating  the  hot  gas  will  be  connected  to  an 
inlet  duct  which  leads  to  the  building.  The  Duroose  of  the  duct  is  to 
contain  the  open  flames  from  the  burner  and  to  allow  connection  of  the 
burner  assembly  to  the  building.  The  design  and  cost  of  the  duct  is 
given  as  follows. 

4.2.2. 1  Assumptions. 

•  10  feet  of  duct 

•  Lined  with  one  inch  of  refractory 

•  Hot  gas  velocity  3000  ft /min 

•  Hot  gas  temperature  =  2000  F  *  2460  R 

4. 2. 2. 2  Calculations.  A  refractory  thickness  of  one  inch 
was  selected  to  prevent  duct  warpage  and  minimize  heat  losses.  Heat 
losses  are  such  that  the  hot  gas  temnerature  will  drop  only  about  10  to 
50  F  through  the  duct.  A  summary  of  the  results  of  the  calculations  and 
costing  are  given  in  Table  3. 

4.2.3  Afterburner 


Decontamination  test  results  indicate  that  intact  agent  can  be 
volatilized  from  the  building  during  the  hot  gas  decontamination 
process.  As  such,  an  afterburner  (i.e.,  AFB)  was  selected  to  incinerate 
the  trace  quantities  of  agent  that  may  be  contained  in  the  building 
exhaust  stream. 

Results  of  a  literature  search  on  incineration  of  G3,  HD,  and 
VX  suggest  that  a  0.5  second  residence  time  at  2000  F  should  achieve  an 
agent  destruction  efficiency  of  about  99.99  percent  'nee  Table  9).  A 
99.99  percent  destruction  efficiency  should  be  adequate  to  destroy 
volatilized  agent  from  a  3X  building  containing  low  concentrations  of 
agent.  If  higher  destruction  efficiencies  are  required,  the  hot.  gas 
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TABLE  9.  LITERATURE  AGENT  DESTRUCTION  EFFICIENCIES 
BY  INCINERATION 


Temperature 


Residence  T ime 
( sec 


Destruction  Efficiency 


2.00 

96.3 

1400 

1.58 

99.9999 

1472 

0.14-2.22 

99.9994 

1332 

0.3 

99.96 

2330 

1.96 

99.993 

2337 

2.14 

99.9993 

1292-1472 

0.20 

99.97 

2279 

2.11 

99.99993 

2546 

1.73 

99.99993 

1332-2012 

0.25 

99.995 

Brooks,  M.  E.,  "Incineration/Pyrolysis  of  Several  Agents  and 
Related  Chemical  Materials  Contained  in  Identification  Sets", 
AD-B042S33L,  Oct.  1979. 

Sass,  S.,  Davis,  P.  M. ,  "Laboratory  Research  on  the  Incineration  of 
Mustard",  EATR-4516,  May  1971. 

Puqh,  0.  L.,  et  al.,  "Incineration  of  GB  and  Containment  of  Gaseous 
Products",  AD-375173L,  Oct.  1970. 

Wynne,  0.  J.,  "Pilot-Scale  Incineration  of  G3  and  '/X  and  the 
Containment  of  Gaseous  Products",  AD-910705L,  May  1973. 

Hildebrandt,  H.  F.,  "Incineration  of  VX  and  Containment  of  Gaseous 
Products",  AD-519533,  March  1972. 
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flow  rate  can  be  reduced  to  increase  the  residence  time  of  the 
afterburner. 

The  specification  and  cost  of  the  afterburner  are  given  as 

follows. 


4. 2. 3.1  Assumptions. 

•  Combustion  occurs  at  2000  F 

•  Residence  time  =  0.5  sec  at  2000  F 

a  5  percent  0;?  in  the  exhaust  (i.e.,  about  30  percent  excess 
air) 

•  Gas  velocity  of  about  20  to  40  ft/sec  through  the  chamber 

•  Lined  with  4  inches  of  90  percent  alumina  firebrick 

•  Direct  fired  mixing  plate  burner  to  provide  mixing  of  the 
contaminated  gases  with  combustion  gas 

•  Heat  loss  through  the  afterburner  =  10  percent  of  total 
heat  duty 

•  Building  exhaust  gases  at  a  temperature  of  70  F 

•  Building  exhaust  properties  similar  to  air 


4. 2. 3. 2  Calculations. 


4T0TAL  =  PAIR 


2000  F 
70  F 


+  48UILDING  EXHAUST 


2000  F 
70  F 


+  THEAT  LOSS 


4T0TAL  =  58,573  vCh4* 


PAIR  =  2339  vair* 


P3UILDI NG  EXHAUST  =  vrXHAUST  x  60  * 


29 

354 


x  0.25  x  (2000-70) 


=  2339  vfxhAUST 


9 HE AT  LOSS  =  0.1  x  qfOTAL  =  5357  vCh4 


*  See  Hot  Gas  Supply  System  Calculations  in  Section  4. 2. 1.2. 
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Combining  equations  gives: 

Vch4  =  0.0444  (vair  +  vxqtal) 

Oxygen  in  afterburner  exhaust  =  5  percent.  Therefore 

v0?  from  building  +  0.21  vatr  -  2  vend 
0,05  =  vTOTAL  +  VAIR  +  vCH4 

Combining  the  previous  two  equations  gives: 


vair  =  2.044  vjojaL  "  14.50  vg^  from  building 

Results  of  the  calculations  are  given  in  Tables  10A  and  10B. 
Costs  of  the  afterburner  are  given  in  Tables  11 A  and  118. 


4.2.4 

I 


Afterburner  Exhaust  Gas  Cooling 


The  building  must  be  maintained  at  a  slight  negative  pressure 
(about  minus  0.2  inches  water)  during  the  hot  gas  treatment  to  prevent 
volatilized  agent  from  escaping  to  the  atmosphere.  As  such,  an  induced 
draft  (ID)  fan  is  required  downstream  of  the  afterburner.  The  use  of 
the  ID  fan  will  require  cooling  of  the  afterburner  flue  gas  to  below 
about  600  F.  Three  methods  of  cooling  the  flue  gas  are  available: 

(1)  addition  of  cool  diluent  air,  (2)  quenching  with  water,  and  (3)  a 
heat  exchanger.  These  methods  are  described  as  follows. 


4.2.4. 1  Diluent  Air  Cooling. 

An  illustration  of  the  diluent  air  cooling  method  is  given  as 

follows. 


I 
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TASLE  10.  AFTER3URNER  CALCULATIONS 


TABLE  10A.  AFTERBURNER  MASS  BALANCE  '•] 

# 


V 

Total , 

V 

O2  From 
Building 

V 

Air 

V 

CH4  Afterburner  Flue  Gas  ( 

scfm) 

%  0? 
in 

.  :■ 

scfm 

scfm 

scfm 

scfm  N2 

CO2  H2O 

°2 

Total 

Exhaust 

•; 

4000 

483 

1100 

226  3903 

335  770 

267 

5325 

5 .0 

3000 

365 

840 

170  2939 

290  530 

201 

4010 

5.0 

2000 

243 

565 

114  1963 

194  383 

134 

2679 

5.0 

• 

1000 

122 

275 

57  976 

97  194 

66 

1333 

5.0 

• 

TABLE  10B 

.  AFTERBURNER 

CHAM3ER  SPECIFICATION 

V 

Total 

scfm 

Minimum 
Heat  Chamber 

Duty  Volume, (a) 

MM  Btu/hr  ft2 

Outside 

Chamber 

Di ameter , (b) 
ft 

Inside 

Chamber 

Diameter, 

ft 

Length 

ft 

Inside 
Surface 
,  Area, 
ft2 

Gas 

Velocity, 

ft/sec 

• 

4000 

13.24 

206 

5.00 

4.33 

14 

190 

23.0 

• 

3000 

9.96 

155 

4.33 

3.67 

15 

173 

29.3 

2000 

6.68 

104 

3.67 

3.00 

15 

141 

29.3 

1000 

3.34 

52 

3.00 

2.33 

12.5 

91 

24.2 

i 

(a)  Minimum  chamber  volume  =  vtqtal  x  x  x  0.5  sec.  '■ 

(b)  Includes  4  inches  of  refractory.  * 
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TABLE  11.  AFTERBURNER  COSTS 


w 

w . 

n 

V 

Total, 

scfm 

Inside 

Chamber  Refractory 

Area,  Cost,(a) 

ft2  1984  $ 

Shell 
Cost, (b) 
1984  $ 

Chamber 

Cost, 

1984  $ 

4000 

190  $7,7  80 

$14,250 

$22,030 

3000 

173  7,090 

12,980 

20,070 

it 

2000 

141  5,780 

10,580 

16,360 

- 

► 

1000 

91  3,730 

6,830 

10,560 

r 

# 

(a)  90 

percent  alumina  firebrick  at  $10. 25/ft^/i nch 

x  4  inches 

(Chemical  Engineering,  2/6/34,  Dg. 

121). 

(b)  At  $75/ft 2  area  (Chemical  Engineering,  2/6/84, 

pg.  121). 

1 

TABLE  118.  AFTERBURNER 

BURNER  SYSTEM 

COSTS 

v 

; 

si 

Heat 

Duty, 

MM  Btu/hr 

Estimated 
Burner 
Cost,  1984$ 

Blower 

Size 

Blower 
Cost, 
1984  $ 

Gas 
Valve 
Train, 
1984  $ 

Mi  sc. 
Valves, 
Controls 
1984  $ 

Total 

Burner 

System 

Cost , 

1984  $ 

\ 

• 

14 

$3150 

1200  scfm/ 
25  hp 

$3000 

$4250 

$3000 

$10,400 

— 

10 

2600 

900  scfm/ 
20  hp 

2750 

3600 

3000 

9,200 

• 

7 

2200 

700  scfm/ 
20  hp 

2500 

2750 

3000 

7,950 

-C 

f  . 

.*  ' 

r 

• 

4 

1200 

500  scfm/ 
15  hp 

2000 

1900 

3000 

7,100 
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CH4 


Vent 


Stack 


In  the  process  the  hot  flue  gas  (T=2000  F)  from  the  after¬ 
burner  is  mixed  with  diluent  air  (T=80  F)  to  cool  the  gas  stream  to 
600  F  prior  to  entry  into  the  ID  fan.  The  gas  is  then  vented  through  a 
stack . 


4. 2. 4. 1.1  Assumptions. 

4  Stack  gas  velocity  about  4000  ft/min  to  enhance  expulsion 

•  Gas  velocity  greater  than  about  3000  fpm  between  the 
diluent  air  inlet  and  10  fan  in  order  to  promote  turbulent 
mixing  of  the  gas  such  that  hot  spots  in  the  gas  which 
could  damage  the  ID  fan  can  be  minimized 

•  Pressure  loss  in  the  afterburner  can  be  neglected 

•  Cooling  air  at  ambient  temperature  of  30  F 

4. 2. 4. 1.2  Calculations.  The  cooling  air  requirements  are 
calculated  as  follows. 

RFLUE  GAS  =  RC00LING  AIR 

VFLUE  GAS  X  3~I'l— slf  X  0,25  Btu/1b/F  x  (2000-600  F)  = 

VCOOL  AIR  x  j2l|  x  0.25  Btu/lb/F  x  (600-80) 

vC00L  AIR  =  VFIUE  GAS  *  2.7 


433 


Results  of  the  calculations  are  given  in  Table  12.  The  flow 
rates  given  in  Table  12  allow  the  ductwork,  ID  fan,  and  stack  to  be 
specified.  Because  the  selection  of  the  ID  fan  depends  not  only  on  the 
volumetric  gas  flow  rate  but  also  on  the  system  pressure  losses,  the 
ductwork  size  must  be  specified.  The  following  assumptions  were  made 
for  specification  of  the  ductwork. 

Duct  from  Building  to  Afterburner: 

•  Contains  one  elbow  with  a  radius  of  2  x  diameter 

•  10  ft  length 

•  Contains  one  branch  with  a  30  degree  angle  of  entry  for 
injection  of  afterburner  combustion  air 

•  Contains  one  expansion  joint 

•  Contraction  loss  from  building  to  the  duct  is  one  velocity 
pressure  (see  equation  on  page  VI-50) 

•  Expansion  loss  from  duct  to  the  afterburner  in  one  velocity 
pressure 

t  Average  gas  temperature  in  the  duct  over  the  entire 
decontamination  process  is  200  F 

Duct  from  Afterburner  to  ID  Fan: 

•  Contains  one  branch  with  a  30  degree  angle  of  entry  for 
injection  of  the  diluent  air 

«  Contains  one  expansion  joint  after  branch 

•  Duct  is  refractory  lined  from  the  afterburner  to  the  branch 
(5  ft  length) 

•  The  duct  length  from  the  branch  to  the  ID  fan  is  sized  to 
allow  a  0.4  sec  residence  time  for  mixing  to  occur* 

•  Contraction  loss  from  the  afterburner  to  the  duct  is  one 
velocity  pressure 

•  One  velocity  pressure  loss  through  damper. 


I 

*  Air  Pollution  Engineering  Manual,  2nd  Ed.,  pg.  453,  May  1973. 
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Duct  from  ID  Fan  to  Stack: 

•  Contains  one  elbow  with  a  radius  of  2  x  diameter 

•  5  ft  length 

•  Contraction  loss  to  stack  of  0.5  velocity  pressures. 
Stack : 

•  20  ft  high 

•  Neglect  natural  draft 

•  Gas  velocity  about  40  fpm 


Results  of  the  static  pressure/duct  specification  calculations  for  the 
2000  scfm  case  are  given  in  Table  13.  Similar  calculations  were 
performed  for  the  1000,  3000,  and  4000  scfm  cases.  The  method  described 
in  Industrial  Ventilation*  was  used  to  calculate  the  system  pressure 
losses  along  with  the  following  equations: 


Velocity  Pressure  2 


DuctAP  =e[AZ  +  (4  fl/D)(v2/2gc)]xO.  19224 

where  AP  =  pressure  losses,  inches  w.c. 

0  =  gas  density,  lb/ft2 

f  =  friction  factor  =  0.0073  for  a  rough  duct 
L  =  duct  length,  ft 
D  -  duct  diameter,  ft 
V  =  gas  velocity,  ft/sec 
gc  =  32.2 


The  ductwork  specifications  were  then  used  to  estimate  ID  fan  and 
ductwork  costs.  These  costs  are  given  in  Tables  14  and  15, 
respectively . 


4. 2. 4. 2  Quencher  Cooling.  An  illustration  of  the  quencher  cooling 
method  is  given  as  follows. 


*  16th  Edition,  1980. 
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Vent 


Stack 


Pump 


In  the  process  the  hot  flue  gas  (T=2000  F)  from  the  after¬ 
burner  is  quenched  to  a  temperature  of  300  F  using  water.  The  quenched 
gas  is  then  directed  to  an  IJ  fan  and  through  a  stack.  The  quencher  was 
designed  to  reduce  the  gas  stream  temperature  to  300  F  rather  than  the 
600  F  design  temperature  used  in  the  Diluent  Cooling  and  Heat  Exchanger 
cases  (see  Section  4. 2. 4.1  and  4. 2. 4. 3)  because  of  overall  equipment  and 
operational  cost  savings.  Although  the  water  requirements  increase  by 
one  to  three  gpm  when  quenching  to  300F  instead  of  600  F,  the  gas  flow 
rate  from  the  quencher  decreases  by  about  1000  to  4000  acfm.  A  cost 
savings  is  incurred  from  reduction  in  size  and  power  requirements  of  the 
I.D.  fan,  ductwork,  and  stack.  However,  an  increase  in  water  flow  rate 
of  one  to  three  gpm  would  require  a  nominal,  if  any,  increase  in  piping 
and  pumping  costs.  A  similar  cost  savings  is  not  possible  using  either 
the  Diluent  Cooling  or  the  Heat  Exchanger  methods. 

4. 2. 4. 2.1  Assumptions. 

t  Water  available  at  30  F 

t  Refractory  required  in  duct  between  AF3  and  bottom  stage  of 
quencher 
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•  Water  flow  rate  is  such  that  complete  evaporation  of  ail 
water  entering  the  quencher  occurs.  As  such,  small  water 
drops  (e.g.,  about  100  micron  diameter  median  size)  are 
desirable.  This  requires  a  relatively  high  pressure  (about 
100  psig)  water  supply. 

4. 2. 4. 2. 2  Calculations.  The  water  requirements,  assuming 
complete  evaporation  of  water,  are  calculated  as  follows. 

%AS  =  QWATER 

mGAScPGA^TGAS  =  ™WATER^HWATER 
where  Cp QAg  -  0.25  BTU/lb./F 

^TGAS  =  2000  -  300  F 
abater  =  hH2q  at  300  f  -  hH20  at  30  f 
=  1192  -  48  =  1144  BTU/lb 

Results  of  the  calculations  are  given  in  Table  16. 

The  configuration  of  the  quencher  cooling  system  which  was 
used  for  costing  is  illustrated  below.  A  summary  of  the  costs  is  given 
in  Table  17. 


2000  F 


WATER 
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The  refractory  lining  shown  in  the  illustration  above  is 
required  to  prevent  thermal  damage  to  the  quencher.  Without  refractory, 
the  wall  temperature  can  reach  a  temperature  of  about  1600  F  (inlet  gas 
=  2000  F).  With  one  inch  of  refractory  (k  =  0.23  BTU/ft/hr/F) ,  the  wall 
temperature  at  the  bottom  of  the  quencher  should  not  exceed  about  680  F. 

Ductwork  specifications  for  the  quencher  system  for  the 
2000  scfm  case  are  given  in  Table  18.  Similar  calculations  were  per¬ 
formed  for  the  1000,  3000,  and  4000  scfm  cases.  The  pressure  losses 
obtained  from  the  ductwork  specifications  were  then  used  to  specify/cost 
an  ID  fan  (see  Table  19).  Ductwork  costs  are  given  in  Table  20. 


4. 2. 4. 3  Heat  Exchanger.  An  illustration  of  the  heat 
exchanger  cooling  method  is  given  below. 

Vent 


Stack 


In  the  process  the  hot  flue  gas  (T=2000  F)  from  the  AF3  is 
passed  through  an  air-cooled  heat  exchanger.  The  flue  gas  which  exits 
the  heat  exchanger  at  a  temperature  of  600  F  is  directed  to  an  ID  fan 
and  then  through  a  stack.  Because  the  heat  recovered  from  the  flue  gas 
is  returned  to  the  process  in  the  form  of  preheated  combustion  air  to 
the  AFB,  the  AFB  energy  balance  must  be  recalculated  as  follows. 


2000  2000 

^COMBUSTION  =  4AIR  +  ^BUILDING  EXHAUST  +  QHEAT  LOSS 

TIN  70 
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TABLE  20.  DUCTWORK  COSTS  -  QUENCHER 
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where  PCOMBUSTION  =  vch4  *  58573 

^BUILDING  EXHAUST  3  VTOTAL  x  2339 

9HEAT  LOSS  =  0-1  *  qCOMBUSTION  =  VCH4  *  5857 

9Q  H 

9AIR  =  VAIR  X  359  x  60  x  0.26  x  ( 2000-Tin) 

=  (2520  -  1.26  x  Tjm)vair 
Combining  equations  gives 

vCH4  =  0 .0444vfoTAL  +  (0.0478  -  2.39  x  10*5  x  T^)  x  v/\ir 

Maintaining  5  percent  O2  in  the  afterburner  flue  gas  gives: 

V09FR0M  BUILDING  +  0,21  v A IR  '  2vCH„ 

0.05  =  — - - - 

VTOTAL  +  VAIR  +  vCH4 

Combining  the  two  equations  above  gives: 

_  0.1445  VJ0TAL  -  v0  FROM  BUILDING 

VAIR  ”  _ L _ 

0.065  +  4.905  x  10"5  x 

Results  of  the  afterburner  material  balance  calculations  are  given  in 
Table  21.  Modified  afterburner  costs  are  given  in  Table  22. 

The  heat  exchanger  area  is  calculated  as  follows. 


VHEAT 

EXCHANGER 


VAFB  FLUE  GAS 
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TABLE  22.  AFTERBURNER  CHAMBER  COSTS  FOR  THE  HEAT  EXCHANGER  SYSTEM 


Hot  Gas 
Flow, 

SCFM 

Average 
Afterburner 
Inside  Area,( a) 
ft  2 

Refr actory 

Cost, Cb) 

1984$ 

Shell 

Cost,(c) 

1984$ 

Total 

Chamber 

Cost, 

1984$ 

4000 

190 

$7,780 

$14,250 

$22,030 

3000 

168 

6,890 

12,600 

19,490 

2000 

133 

5,450 

9,980 

15,430 

1000 

84 

3,440 

6,300 

9,740 

1000 


84 


4. 2. 4. 3.1  Assumptions. 

•  Air  is  available  at  70  F 

•  Overall  heat  transfer  coefficient  U  =  5  3TU/ft2/hr/F 

•  The  temperature  drop  between  the  afterburner  combustion  air 
inlet  and  the  heat  exchanger  is  150  F.  Therefore,  Tq2  = 

Tjn  +  150 

•  Counter-current  heat  exchanger. 


4. 2. 4. 3. 2  Calculations.  The  cooling  air  requirements  are 
calculated  as  follow: 

q  =mcCpc^Tc  =  mHCp^TH 

where  mc 
CPc 
mH 
mc 

mc 

The  heat  exchanger  area  is  calculated  as  follows: 


=  cooling  air  flow  (Ib/hr) 

=  Cph  =  specific  heat 
=  afterburner  flue  gas  flow  (Ib/hr) 


=  VAFB  FLUE  GAS  x  ^9  x  60  x 


CpH  =  0.26  BTU/lb/F 


Results  of  the  calculations  are  given  in  Table  23.  Costs  for 
the  heat  exchanger  (less  air  blower)  were  estimated  as  follows. 

Heat  Exchanger  Cost  -  CE  =  CgFgFpF^* 

Base  Cost  *  Cb  a  exp  (8.551-0.30863  ln(A)  +  0.06811  (1n(A))2) 

For  a  fixed  head  heat  exchanger: 


*  Chemical 
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TABLE  23.  HEAT  EXCHANGER  CALCULATIONS 
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Fg  =  exp  (-1.1156+0.0906  ln(A) ) 

Pressure  factor: 

Fp  =  1  (ambient  pressure) 

Material  Factor: 

F«yj  =  3.8  for  Inconel  or  Incoloy  (T=1650  to  2000  F)* 

FM  =  2.4  for  304  SS  (T  is  less  than  1650  F)* 

A  summary  of  the  costs  is  given  in  Table  24.  The  costs 
indicate  that  the  use  of  either  an  Inconel  or  an  Incoloy  heat  exchanger 
is  cost  prohibitive  and,  as  such,  are  eliminated  from  further  analyses. 

Ductwork  specifications  for  the  heat  exchanger  system 
(2000  scfm  case)  are  given,  in  Table  25.  For  the  ductwork  calculations, 
data  for  recycling  a  1000  F  air  stream  from  the  heat  exchanger  to  the 
afterburner  was  used.  Similar  calculations  using  a  500  F  air  stream 
temperature  resulted  in  nearly  identical  results.  Because  less  combus¬ 
tion  air  than  heat  exchanger  air  is  required,  part  of  the  heat  exchanger 
air  is  vented  to  the  atmosphere  ("Vent"  in  Table  25).  The  pressure  loss 
and  flow  rate  data  were  then  used  to  specify  the  heat  exchanger  blower 
and  ID  fan.  Results  of  these  estimates  are  given  in  Tables  26  and  27. 
Ductwork  costs  are  given  in  Table  23. 


4.2.5  Stack 


A  stack  is  used  to  aid  dispersion  of  the  hot  gas  exhausted 
from  the  ID  fan.  Because  of  the  incineration  step  upstream  of  the 
stack,  pollutant  dispersion  from  the  stack  exhaust  is  probably  not 
required-  As  a  preliminary  estimate  a  20  foot  high  carbon  steel  stack 
was  selected.  A  summary  of  the  stack  costs  for  the  various  hot  gas 
methods  are  given  in  Table  29. 


*  See  Chemical  Engineering,  1/25/32,  125-6. 
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TABLE  24.  HEAT  EXCHANGER  COSTS 
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St  at ic  Pressure  =  (0.6  »  0.33)  -  (0.76  -  0.51)  =  0.8 
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TABLE  29.  STACK  COSTS 


Flue  Gas 
Cooling  Method 

Hot  Gas 
Flow  Rate, 
SCFM 

Stack 

Flow, 

ACFM 

Stack  ID, 
Inches 

Stack ( a) 
Cost , 
1977$ 

Stack(k) 

Cost 

1984$ 

Diluent  Air 

4000 

37,560 

40 

$  2300 

$ 

3565 

Diluent  Air 

3000 

28,280 

36 

2100 

3255 

Diluent  Air 

2000 

18,885 

30 

2000 

3100 

Diluent  Air 

1000 

9,380 

20 

1600 

2480 

Quencher 

4000 

11,390 

22 

1700 

2635 

Quencher 

3000 

3,575 

20 

1600 

2480 

Quencher 

2000 

7,515 

18 

1500 

2325 

Quencher 

1000 

2,840 

12 

1000 

1550 

Heat  Exchanger 

4000 

9,000 

20 

1600 

2480 

Heat  Exchanger 

3000 

6,800 

18 

1500 

2325 

Heat  Exchanger 

2000 

4,540 

14 

1200 

i860 

Heat  Exchanger 

1000 

2,261 

10 

“ 

1500(c) 

(a)  Journal  Air 

Poll.  Control 

Assoc.  V28 

,  No 

.  9 ,  p . 

963-8,  1978. 

For 

a 

carbon  steel 

stack,  1/4-inch  plate. 

Includes  flange,  stack, 

four 

stainless  steel  cables,  clamps,  and 

surface  coating. 

(b)  1984$  -  1973$  x  733 .9/505 

i.4  (3rd  Quarter 

1934$). 

See  Chemical 

Engineering  11/26/84,  pg .  7. 


(c)  Estimated. 
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4.3  Hot  Gas  Decontamination  Cost  Summary 


4.3.1  Capital  Costs 

A  summary  of  capital  costs  for  the  1000,  2000,  3000,  and 
4000  SCFM  cases  are  given  in  Tables  30  through  33,  respectively. 

4.3.2  Operating  Costs 

Heat  transfer  calculations  indicate  that  the  buildings  being 
decontaminated  must  be  insulated  in  order  to  heat  all  areas  to  a  tem¬ 
perature  of  300  F.  These  calculations  (see  Tables  3  through  5)  assumed 
an  insulation  thickness  of  2,  4  and  12  inches  and  a  thermal  conductivity 
of  0.05  Btu;ft/hr/F  (R=40,  80  and  120,  respectively).  These  were  selected 
as  typical  values  which  would  provide  a  basis  for  determination  of  the 
effect  of  insulation  on  heat  transfer.  For  costing  purposes  foil  faced, 
non-rigid,  Fiberglas  blanket  (6  inch  x  23  inch-wide  roll  with  R- 1 9 )  was 
selected.  In  order  to  achieve  R  values  of  40,  80  and  120,  either  2,  4, 
or  12  layers  of  this  insulation  is  required.  Costs  for  the  insulation  are 
given,  as  follows: 


Materi al 

Installation* 

Total 

Cost 

Cost 

Cost 

Layers 

R 

1984  S/ft  2_ 

1984S/f t 2 

1984$ /ft 2 

2 

40 

$0.56 

$0.20 

$0.76 

4 

80 

1.12 

0.40 

1.52 

12 

240 

3.36 

1.20 

4.56 

Other 

types 

of  insulation 

with  conductivities  closer 

3T'd/ft/hr/F  may  be  used;  however,  the  material  cost  would  be  higher, 
the  installation  cost  would  be  lower,  and  the  total  cost  may  be  slightly 
higher  than  for  the  insulation  specified  above. 


*  Costs  derived  from  data  in  3uildinq  Construction  Cost  Pata,  42nd 
Edition,  1984. 
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Total  Capital  Cost  $152,400  $180,000  $200,400 


TABLE  32.  SUMMARY  OF  CAPITAL  COSTS  (3000  SCFM/10  MM  Btu/Hr  Case) 
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TABLE  33.  SUMMARY  OF  CAPITAL  COSTS  (4000  SCFM/14  MM  Btu/Hr  Case) 
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Total  Caoital  Cost  $198,400  $224,600  $286,800 
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For  costing,  it  was  assumed  that  the  insulation  can  be  re-used 
for  the  three  buildings  thereby  allowing  a  cost  savings  on  materials. 
Insulation  removal  costs  were  assumed  to  be  identical  to  the  installa¬ 
tion  cost. 

A  reduction  in  the  potential  for  agent  release  can  be  achieved 
if  a  vapor  barrier  (i.e.,  10  mil  polyethylene  sheet)  is  installed  over 
the  insulation  on  each  building  being  decontaminated.  Placement  of  the 
plastic  vapor  barrier  on  the  cool  side  of  the  insulation  would  minimize 
the  potential  for  melting.  Calculations  show  that  the  vaoor  barrier 
temperature  should  not  exceed  82  or  93  F  for  insulation  with  R  values  of 
120  and  40,  respectively.*  The  cost  of  the  vapor  barrier  was  estimated 
at  $6.00/100  sq.ft,  for  material**  and  $4.16/100  sq.ft  for 
installation**  for  a  total  of  $10.16/100  sq.ft.  Caulk/joint  sealant  can 
be  used  to  seal  cracks,  etc.  as  required  to  minimize  leakage  into  the 
building.  Sealant  was  estimated  at  a  cost  of  $1. 26/linear  foot.**  It 
was  also  assumed  that  external  concrete  surfaces  exposed  to  the 
atmosphere  would  be  coated  with  a  decontaminant  such  as  ST3  or  OPAB  to 
minimize  the  potential  for  agent  release.  The  cost  for  application  of 
the  coating  is  not  included  in  the  building  preparation  costs. 

In  Bui Idi ng  1,  the  top  structure  composed  of  wood  will  be 
removed  prior  to  decontamination  leaving  a  concrete  basement  without  a 
ceiling.  As  such,  a  steel  deck  must  be  erected  to  serve  as  suDoort  for 
the  insulation.  Cost  estimates**  for  the  steel  deck  are  given  below. 
Because  the  wood  will  be  removed  for  any  decontamination  conceDt,  the 
costs  for  removal  and  incineration  were  not  included  in  the  cost. 


Layers 

Load,*** 

PSF 

Materi al 
Cost, 

19  84  S /f  1 2 

Instal lation 
Cost, 

1984  S /f 1 2 

Total  Deck 
Cost, 
1934$ /ft 2 

2 

20 

$2.20 

$0.88 

$3.03 

4 

40 

2.56 

1.03 

3.59 

12 

120 

8.96 

1.35 

10.31 

*  Assumes  a  300  F  wall  temperature,  an  30  F  air  temperature,  and  h  = 
4.6  BTU/ft2/hr/F. 

**  Costs  derived  from  data  in  3u i 1 di ng  Construction  Cost  Data,  42nd 
Edition,  1934. 

***  Insulation  density  =  20  Ib/f 1 3 . 
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In  addition  to  the  building  preparation  costs  detailed  above, 
it  is  estimated  that  two  personnel  working  two  weeks  at  40  hours  oer 
week  are  required  to  install  the  skid-mounted  equioment  and  perform  the 
necessary  utility  connections. 

A  summary  of  the  building  preparation  costs  for  the  three 
buildings  is  given  in  Table  34.  Operating  costs  for  decontamination 
were  estimated  using  the  building  preparation  costs  along  with  utility 
costs  (natural  gas  and  electricity),  operator  cost  and  clean-up  costs. 

The  following  assumptions  were  made  in  estimating  these  costs: 

•  Natural  gas  is  available  at  $4.04/SCE  (Energy  User  News 
11/19/84). 

•  Electricity  is  available  at  SO. 0524/kWh  (Energy  User  News 
11/19/84). 

t  Afterburner  natural  gas  requirements  for  the  three  cooling 
methods  are  essentially  the  same.* 

•  Three  operators  at  $28. 45/hr  each  are  required  to  operate 
the  equipment**. 

•  One  engineer/foreman  is  required  at  $35.00  per  hour**. 

•  One  week  is  required  for  equipment  teardown  at  each 
building  (2  operators  at  40  hours/week). 

•  The  cost  to  remove  the  insulation,  steel  deck,  and  vapor 
barrier  is  identical  to  the  installation  cost. 

t  A  65  percent  motor  electrical  efficiency  is  assumed. 

•  Hot  gas  supply,  afterburner,  and  miscellaneous  controls 
require  30  kva. 

A  summary  of  the  operating  costs  for  Buildings  1,  2,  and  3  are 
given  in  Tables  35,  36,  and  37,  respectively. 

4.3.3  Cost  Summary 

A  summary  of  the  operating  and  capital  costs  of  the  hot  gas 
concept  for  the  various  flow  rates,  insulation  thickness,  and 

*  The  afterburner  natural  gas  costs  were  approximately  10  percent  higher 
for  the  diluent  air  and  quencher  methods  than  the  heat  exchanger  method 

**  Building  Construction  Cost  Data,  42nd  Ed.,  1984.  Includes  overhead  and 


TABLE  34.  SUMMARY  OF  BUILDING  PREPARATION  COSTS 
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afterburner  flue  gas  cooling  methods  is  given  in  Table  38.  The  results 
are  also  shown  in  Figure  17.  The  following  conclusions  may  be  drawn: 

•  Total  costs  increase  with  an  increase  in  hot  gas  flow  rate 
over  the  range  of  1000  to  4000  scfm. 

•  Total  costs  increase  with  an  increase  in  insulation  thick¬ 
ness. 

•  The  diluent  air,  quencher  and  heat  exchanger  concents  are 
approximately  the  same  in  cost  (within  the  error  of  the 
cost  analysis).  As  such,  other  criteria  (e.g.,  system 
safety,  operability,  etc.)  should  be  used  for  selection  of 
the  system. 

4.4  Thermal  Effects  on  Cement  and  Concrete 


In  order  to  determine  whether  or  not  the  hot  gas  treatment  can 
cause  thermal  damage,  concrete  characteristics  at  elevated  temperatures 
were  evaluated  from  literature  data.  The  results  indicate  that  many 
factors  influence  the  high  temperature  orODerf’es  of  concrete  including: 

•  Type  of  concrete  (e.g.  type  of  aggregate,  tyoe  of  cement, 
water-cement  ratio,  aggregate-cement  ratio,  curing  condi - 
ti ons ) 

•  Whether  the  concrete  is  restrained  during  heating 

•  Whether  the  concrete  is  subjected  to  thermal  cycling 

•  Whether  the  concrete  is  tested  while  hot  or  after  cooling 

•  Whether  the  concrete  is  quenched  or  allowed  to  cool  lowly 

•  Length  of  temDeraturo  exDosure. 

•  Highest  temperature  attained. 

The  key  concrete  orooerties  reviewed  include  compressive 
strength,  flexural  strength,  modulus  of  elasticity  and  thermal  exonn- 
">inn.  Each  of  these  factors  should  be  considered  when  evaluating  the 
effect  of  the  hot  gas  concepts  when  apolied  to  field  concrete  struc- 

t  -J  ■''*  9  $ . 
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■  GAS  CONCEPT  COST  SUMMARY 
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4.4.1  Thermal  Effect  on  the  Compressive 
Strength  of  Concrete 

Because  compressive  strength  is  one  of  the  primary  qualities 
by  which  concrete  is  judged,  it  is  probably  the  most  investigated 
property  at  high  temperatures.  Figure  IS  shows  the  data  of  Abrams(S) 
for  concretes  containing  carbonate,  siliceous  and  lightweight  aggregate, 
respectively.  Carbonate  and  siliceous  aggregates  are  commonly  used  in 
structural  concrete  while  unsanded  lightweight  concrete  is  used  in  the 
manufacture  of  masonry  block.  The  testing  regime  included  (1)  heating 
without  load  and  testing  while  hot,  (2)  heating  at  three  stress  levels 
and  testing  while  hot,  and  (3)  testing  after  slowly  cooling.  The 
heating  time  to  achieve  a  uniform  temperature  was  generally  3  to  4 
hours.  The  results  can  be  summarized  as  follows: 

(1)  Carbonate  and  sanded  lightweight  aggregate  concrete 
retained  more  than  75  percent  of  original  compressive 
strength  up  to  650  C  when  heated  unstressed  and  tested  hot; 
for  siliceous  aggregate  concrete  the  correspondi ng 
temperature  was  430  C. 

(2)  When  loaded  during  heating,  compressive  strengths  were  5 
to  25  percent  higher,  but  were  mot  affected  by  the  applied 
stress  level.  The  smaller  strength  loss  under  stressed 
condition  is  attributed  to  a  retardation  of  crack 

format i on. 

(3)  Residual  compressive  strengths  after-  cooling  were 
significantly  lower  than  the  corresponding  hot  compressive 
strength  for  unstressed  concrete. 

(4)  The  original  st-enqth  of  the  concrete  had  litt-e  effect 
on  the  per.ent  reductions  in  strength  observed. 

The  above  observations  agree  fairly  wel'  with  othe>~  investiga¬ 
tions;  however,  layer  reductions  * ra  compressive  strength  have  been 
reported  under  similar  test  conditions'  7) .  In  add'ccon,  the  ~esijl~s  of 
Weigler  and  Fischer^)  indicated  chat  stressed  spec' Tens  have  rec'tual 
strength  equal  to  or  greater  than  come, anion  snecimers  not  stresses 
during  heating  (at  a  test  temperature  of  450  Cl. 

-'4 
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FIGURE  18.  COMPRESSIVE  STRENGTH  QE. CONCRETES  AT 
ELEVATED  TEMPERATURES10' 

(Coryriqht  permission  received  from  the  American  Society  for  Testing 
and  materials) 
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The  amount  of  residual  strength  after  cooling  requires  further 
discussion.  Zoldner$(9)  showed  that  up  to  about  500  C,  there  is  a 
greater  reduction  in  residual  compressive  strength  when  concrete  is 
water  quenched  than  when  slowly  cooled.  This  was  attributed  to  thermal 
shock.  Little  difference  in  strength  at  higher  temperatures  was  found 
between  quenched  and  slowly  cooled  specimens.  In  contrast.  Crook  and 
Murray(lO)  found  that  an  increase  in  residual  strength  could  be  obtained 
by  water  immersion.  In  their  tests,  masonry  bl ocks  were  maintained  at  a 
temperature  of  620  C  for  20  minutes.  The  blocks  were  then  re-cured  by 
immersion  in  water  (either  for  2  minutes  or  for  24  hours)  and  then  left 
to  air  cure  for  periods  of  up  to  28  days.  It  was  not  stated  whether  the 
blocks  were  first  allowed  to  cool  before  water  immersion.  The  results 
indicated  that  a  24  hour  immersion  time  followed  by  air  curing  resulted 
in  complete  regain  of  original  compressive  strength.  Although  the  time  the 
material  was  held  at  620  C  was  relatively  short,  the  results  demonstrate 
that  a  loss  of  compressive  strength  can  be  recovered  by  proper  water 
treatment. 

Figure  19  gives  results  from  Harmathy  et  al.(H)  on 
compressive  strength  for  Portland  cement  (no  aggregate)  and  lightweight 
concrete  masonry  as  a  function  of  three  heating  times.  Testing  was 
performed  while  the  samples  were  hot.  From  the  results,  it  appears  that 
heating  for  short  time  periods  (i.e.  less  than  24  hours)  has  little 
effect  on  the  measured  concrete  properties  at  elevated  temperatures. 

The  data  also  show  that  lightweight  masonry  block  is  quite  stable  at 
high  temperatures  (at  538  C,  77  percent  of  compressive  strength 
remains),  whereas  Portland  cement  rapidly  loses  strength  at  high 
temperatures  (at  538  C,  8  percent  of  compressive  strength  remains).  A 
comparison  of  Figure  18  with  Figure  19  indicates  that  the  loss  of  com¬ 
pressive  strength  at  high  temperatures  is  much  greater  for  the  Portland 
cement  without  added  aggregate.  This  suggests  that  the  aggregate 
stabilizes  concrete  at  high  temperatures.  The  stabilizing  effect  of 
aggregate  is  supported  by  the  data  by  Malhotra(S)5  who  found  that  above 
204  C,  lean  mixes  (high  aggregate  contact)  showed  a  proportionally 
smaller  reduction  in  compressive  strength  than  occurred  with  richer 


mixes. 
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Concrete  Institute) 


Figure  20  shows  the  effect  of  temperature  on  comoressive 
strength  of  dolomite/hornblende  aggregate  concrete  at  prolonged  heating 
times. (12)  The  concrete  specimens  were  sealed  during  the  thermal 
treatment  to  prevent  moisture  loss  and  were  allowed  to  cool  slowly 
before  testing.  Concrete  A  had  a  l  day  cure  before  heating,  and 
concrete  3  had  a  14  day  cure  before  heating.  Above  150  C,  the 
compressive  strength  gradually  decreases  as  the  heating  time  increases. 
At  230  C,  about  75  percent  of  the  initial  compressive  strength  remains 
after  14  days.  It  should  be  pointed  out  that  moisture  loss  was  pre¬ 
vented  during  heating  by  a  saturated  steam  environment  which  surrounded 
the  specimen.  This  may  have  caused  a  more  adverse  effect  on  the 
concrete  properties  than  when  the  moisture  is  free  to  evaporate. 

4.4.2  Thermal  Effect  on  the  Modulus 
of  Elasticity  of  Concrete 

In  general,  the  modulus  of  elasticity  of  concrete  at  high 
temperatures  follows  the  same  trends  as  compressive  strength. 


4.4.3  Thermal  Effect  on  the 
Flexural  Strength  of  Concrete 

Zoldners(9)  tested  the  flexural  strength  of  several  types  of 
concrete  up  to  700  C.  The  samples  were  heat  treated  at  the  test 
temperature  for  one  hour  and  then  allowed  to  slowly  cool  to  room 
temperature.  Figure  21  shows  the  flexural  strength  as  a  function  of 
temperature.  The  results  are  somewhat  dependent  on  the  type  of 
aggregate,  but  generally  a  significant  decrease  in  the  flexural  strength 
occurs  at  relatively  low  temperatures.  At  300  C,  approximately  50 
percent  of  the  flexural  strength  remains.  Thus,  at  elevated 
temperatures,  flexural  strength  decreases  to  a  greater  extent  than 
compressive  strength.  However,  the  flexural  strength  of  concrete  is 
generally  not  as  significant  a  parameter  as  compressive  strength  in 
relation  to  the  structural  integrity  of  a  building. 
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Compressive  strength  versus  temperature  for  both  Concretes  A  end  B  at  indicated  ages 


FIGURE  20.  COMPRESSIVE  STRENGTH  OF  CONCRETE  HE'D  AT  ELEVAltU 
TEMPERATURE  FOR  PROLONGED  PERIODS^12' 

(Copyright  permission  received  from  the  American 
Concrete  Institute) 
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FIGURE  21 .  FLEXURAL  STRENGTH  OF  CONCRETE  AT 
ELEVATED  TEMPERATURES (9) 

(Copyright  permission  received  from  the  American 
Society  for  Testing  Materials) 


479 


The  effect  of  thermal  cycling  on  concrete  strength  is  another 
important  consideration.  Campbell-Alien  et  al(14,15)  tested  compressive 
strengths  of  several  types  of  aggregate  concrete  up  to  300  C  and  noted  a 
progressive  deterioration  with  increasing  numbers  of  thermal  cycles, 
although  most  of  the  loss  occurred  in  the  first  few  cycles. 

livovichU6)  conducted  cyclic  heating  tests  at  425,  538,  and 
650  C  on  several  types  of  cement  containing  crushed  fire  brick  aggre¬ 
gate.  The  cyclic  heat  tests  consisted  of  firing  specimens  for  16  hours 
at  a  given  temperature  and  then  cooling  for  8  hours  in  air  until  ten 
such  cycles  were  completed,  or  until  failure  (crumbling)  of  the 
specimens  occurred.  At  425  C,  the  lowest  temperature  tested,  specimens 
made  with  Portland  cement  were  severely  cracked  at  the  end  of  ten  cycles 
However,  by  placing  the  concrete  in  a  desiccator  during  cooling,  it  was 
found  that  after  10  cycles  at  538  C,  no  sign  of  distress  could  be 
detected.  This  indicates  that  the  main  cause  of  cracking  and  failure  in 
cyclic  heating  is  the  rehydration  and  subsequent  expansion  of  the  dehy¬ 
drated  cement.  In  contrast  to  the  Portland  cement  specimens,  calcium 
aluminate  cements  (used  in  refractory  concrete)  are  quite  stable  to 
cyclic  heat,  even  at  650  C. 

4.4.5  Thermal  Expansion  of  Concrete 

The  thermal  expansion  of  concrete  at  elevated  temperatures 
results  from  complex  physical  and  chemical  changes  involving  the  cement 
paste  and  aggregate.  These  changes  include  true  thermal  expansion 
(based  on  kinetic  molecular  movements)  of  both  cement  and  aggregate. 
Volume  changes  are  a  result  of  dehydration  reactions  and  changes  in 
physical  form  of  the  component  materials  (e.g.  phase  changes  in  quartz- 
crystals).  Many  factors  affect  the  magnitude  of  the  overall  thermal 
volume  change  including  initial  moisture  control,  mineral  composition 
and  structure  of  the  aggregate,  aggregate  to  cement  ratio,  age  of  con¬ 
crete,  rate  and  duration  of  heating,  and  load  level. 


After  a  slight  initial  expansion  at  temperatures  up  to  100  C, 
a  shrinkage  of  the  cement  paste  occurs  as  dehydration  takes  place.  This 
shrinkage  is  counteracted  by  expansion  of  the  aggregate. The  resul¬ 
tant  effect  is  a  sum  of  the  volume  changes  of  cement  paste  and  aggregate 
at  the  temperature  of  exposure.  After  dehydration  is  complete,  the 
cement  paste  will  again  expand,  although  expansion  may  not  compensate 
for  the  initial  shrinkage. 

Fioure  22  illustrates  expansion  data  of  concrete  made  with 
several  types  of  aggregate  as  a  function  of  temperature  under  conditions 
of  zero  applied  stress. (5,9)  in  Figure  22a,  the  strain  is  measured  at 
the  test  temperature,  while  in  Figure  22b,  the  strain  is  measured  after 
cooling  from  the  test  temperature.  At  all  temperatures,  a  net  expansion 
results  when  the  strain  is  measured  at  the  test  temperature 
(Figure  22a).  However,  up  to  about  300  C  the  strain  is  recoverable  upon 
cooling  (i.e.,  no  permanent  dilution)  as  shown  in  Figure  22b. 

When  a  load  is  applied  to  concrete  during  heating,  a  oro- 
nounced  effect  on  thermal  expansion  results.  Thermal  expansion  is 
strongly  reduced  as  the  stress  level  is  increased,  and  above  about  40 
percent  of  the  ultimate  stress,  a  net  shrinkage  occurs  at  all  tempera- 
turesU7).  This  reduction  in  thermal  expansion  is  attributed  to  plas¬ 
ticity  of  the  cement  paste  at  elevated  temperatures. 

The  stresses  from  thermal  loadings  caused  by  overall  expansion 
or  contraction,  when  coupled  to  those  arising  from  mechanical  loadings, 
determine  the  imposed  total  stress  levels  in  the  concrete,  because  of 
complex  stress-strain  interactions  at  elevated  temperatures,  it  is 
difficult  to  predict  the  performance  of  concrete  unless  specifications 
of  concrete  type  and  loading  conditions  are  made.  However,  because  of 
the  plasticity  of  the  cement  at  elevated  temperatures ,  and  the  fact  that 
below  300  C  most  strain  is  recoverable  upon  cooling,  minimal  stress 
damage  is  likely  at  temperatures  below  300  C. 

4.4.6  Thermal  Cracking  of  Concrete 

Differential  strains  and  stresses  between  the  cement  and 
aggregate  in  concrete  at  elevated  temperatures  can  give  rise  to 
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Thermal  expansion  of  concrete 


Figure  22a. 


Figure  22b. 


FIGURE  22.  THERMAL  EXPANSION  OF  CONCRETES  AT 
ELEVATED  TEMPERATURES 

(Copyright  permission  granted  by  the  American  Society  for  Testing  Materials) 
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cracking.  Thermal  cracking  may  range  from  cracking  on  the  surface  and 
microcracking  to  deeper  and  substantial  cracking  of  structural 
significance  at  locations  where  overall  structural  deformations  exceed 
the  tensile  capacity  of  the  concrete.  Concrete  spalling  can  also  occur 
if  the  moisture  content  is  particularly  high. 

Table  39  presents  some  qualitative  observations  regarding 
cracking  of  several  types  of  heat  exposed  concrete. (9)  For  most  con¬ 
cretes,  temperatures  below  400  C  can  be  sustained  without  excessive 
crack  damage. 

4.4.7  Conclusions  of  the  Literature 
Review  on  the  Thermal  Effects  on  Concrete 


A  review  of  the  literature  suggests  that  in  order  to  minimize 
structural  damage  the  concrete  structures  should  not  be  exposed  to  a 
temperature  greater  than  about  400  C  (752  F).  Also,  wetting  the 
concrete  with  water  following  cool-down  after  the  hot  gas  treatment  is 
recommended  such  that  the  concrete  strength  can  be  regained. 

4.5  Hot  Gas  Decontamination 
Tecommendations/Conclusions 


Results  of  the  engineering  analysis  indicate  that  application 
of  the  hot  gas  decontamination  concept  to  decontaminate  field  structures 
contaminated  with  agent  GB,  VX  or  HD  is  feasible.  A  summary  of  recom¬ 
mended  features  for  a  hot  gas  decontamination  process  is  given  in  Table 
40.  A  piping  and  instrumentation  diagram  is  given  in  Figure  23  while  an 
artist's  conceptualization  is  shown  in  Figure  24. 


700,  800  Weakened,  cracking  along  qraln  5  percent  across  small aggre-  Heating  decomposes  cement, 

boundaries.  gate.  Inter-aggregate  cracks, 

powdery  cement. 


TABLE  40.  RECOMMENDED  FEATURES  FOR  A  HOT  GAS  DECONTAMINATION  PROCESS 
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5.0  STEAM  DECONTAMINATION  CONCEPT 


The  steam  decontamination  concept  involves  the  use  of  steam  to 
decontaminate  materials  such  as  steels  and  concrete  by  hydrolysis  and/or 
physical  removal  (i.e.  volatilization  and  solubilization)  of  trace  quan¬ 
tities  of  agent.  The  conditions  for  decontamination  and  constraints  in 
the  process  that  were  determined  through  experimental  evaluations  in 
Subtasks  5(3)  and  6(4)  are  as  follows. 

•  Painted  and  unpainted  mild  and  stainless  steels  con¬ 
taminated  with  HD,  GB,  or  VX  can  be  decontaminated  to  below 
the  detectable  limit  by  maintaining  the  surface  at  a 
temperature  near  the  boiling  point  of  water  for  60,  50,  or 
240  minutes,  respectively. 

•  Steam  decontamination  includes  the  physical  removal  of 
undecomposed  agent  by  volatilization  and  wash-off.  Thus,  a 
method  to  remove/decompose  agent  contained  in  the  exhausted 
steam  and  condensate  obtained  from  the  building  must  be 
incorporated  into  the  overall  decontamination  process. 
Experimental  results(3)  indicate  that  re-boiling  condensate 
contaminated  with  agent  will  cause  decontamination. 

•  Concrete  contaminated  with  HD  and  porous  materials  (e.g., 
unglazed  porcelain)  contaminated  with  G3  and  VX  can  be 
decontaminated  to  below  the  detectable  limit  by  maintaining 
the  material  at  a  temperature  near  the  boiling  point  of 
water  for  60,  60,  and  240  minutes,  respectively. 

t  Agent  may  diffuse  through  porous  materials  from  regions  of 
high  temperatures  to  regions  of  lower  temperatures. 

These  process  conditions/constraints  were  used  to  perform  heat 
balances  and  to  specify  and  cost  the  decontamination  equipment. 

5.1  Building  Heat  Transfer  Calculations 


Heat  balances  were  performed  on  each  of  the  three  representa¬ 
tive  agent-contaminated  structures  described  in  Table  1.  In  the  heat 
balances,  the  steam  flow  rate,  degree  of  superheat  (i.e.  inlet  steam 


VI-107 


temperature)  and  insulation  thickness  were  varied  to  evaluate  their 
effect  on  the  feasibility  and  cost  of  the  concept.  The  range  of  values 
used  for  the  variables  are  as  follows. 

t  Steam  flow  rate  -  5000,  10,000  and  15,000  Ib/hr 

•  Inlet  steam  temperature  -  300,  400  and  600  F 

•  Insulation  thickness  -  2,  4  and  12  inches* 

A  description  of  the  calculation  procedure  and  the  results  of 
the  calculation  are  given  in  the  next  sections.  In  addition  to  the  heat 
balances,  unsteady  state  mass  transfer  calculations  were  performed  to 
determine  the  rate  of  diffusion  of  steam  into  porous  materials  such  as 
concrete. 

5.1.1  Steam  Heat  Transfer 
Calculation  Procedure 


The  method  used  to  calculate  heat  requirements  and  times  for 
each  of  the  buildings  involved  an  iterative  method  similar  to  the  one 
used  for  the  hot  gas  concept  (see  Section  4.1.1).  The  following  modifi¬ 
cations  to  the  calculation  procedure  were  made  for  adaption  to  the  steam 
process. 

•  Physical  properties  of  steam  rather  than  physical  proper¬ 
ties  of  air  were  used 

•  Heat  transfer  from  the  steam  to  the  building  during  the 
initial  stage  of  the  process  is  by  condensation.  After  the 
outlet  temperature  exceeds  212  F,  heat  transfer  is  by  con¬ 
duction,  radiation,  and  convection  from  the  gas  phase 

•  Film  condensation  was  assumed  for  calculation  of  the  inside 
heat  transfer  coefficient  during  the  condensation  stage. 

5.1.2  Results  of  Steam 
Heat  Transfer  Calculations 


The  results  of  the  steam  heat  transfer  calculations  for  the 
three  buildings  are  given  in  Tables  41  through  43. 


*  An  insulation  thickness  of  0  inches  was  evaluated  but  did  not  allow 
the  requirement  of  heating  all  building  materials  throughout  to  a 
temperature  of  about  212  F. 
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TABLE  41.  RESULTS  OF  STEAM  DECONTAMINATION  HEAT 
BALANCES  FOR  BUILDING 


Steam 
Flow  Rate, 
lb/hr 

Inlet  Steam 
Temperature,  ( b) 

F 

Insulation 
Thickness, (c ) 
Inches 

Time  to  Reach 
Temperature, 
Hours 

Boi ler 
Duty, 

MM  Btu/hr 

ch4 

Requi red(£ 
1000  $cf 

5.000 

400 

2 

>300 

6.' 

15 

| 

4 

>300 

- 

♦ 

12 

>300 

i 

- 

600 

2 

>  300 

6.i 

52 

- 

i 

4 

183 

i 

1214 

? 

12 

140 

\ 

929 

10,000 

400 

2 

>300 

12.: 

31 

- 

1 

4 

251 

1 

3096 

♦ 

12 

175 

\ 

r 

2159 

600 

2 

99 

13.; 

25 

1314 

1 

4 

82 

1 

1089 

f 

12 

74 

1 

982 

15,1 

ooo 

300 

2 

>300 

17. 

76 

- 

1 

4 

>  300 

1 

- 

4 

12 

>  300 

1 

f 

• 

400 

2 

226 

18.’ 

46 

4180 

1 

4 

147 

2719 

f 

12 

119 

r 

2201 

600 

2 

66 

19.87 

1314 

1 

4 

59 

1115 

l 

12 

55 

r 

1095 

a)  Building  1  is  modeled  after  Building  412  of  Rocky  Mt.  Arsenal.  It  is  150  feet 
long  by  70  feet  wide  by  15  feet  high  concrete  (one  foot  thick)  basement  with 
wood  superstructure.  It  is  assumed  the  wood  structure  is  removed  and  incin¬ 
erated  leaving  a  concrete-lined  basement  requiring  decontamination. 

b)  Inlet  is  superheated  steam. 

c)  Girders  and  steel  plates  are  placed  over  the  basement  to  contain  the  hot  gas. 
Insulation  is  then  placed  on  the  steel  plates  to  reduce  heat  losses. 

d)  Time  required  for  the  outside  wall  temperature  to  reach  212  F. 

e)  Natural  gas  was  assumed  to  be  the  fuel  source. 
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TABLE  42.  RESULTS  OF  STEAM  DECONTAMINATION  HEAT 
BALANCES  pOR  BUILDING  2(a) 


Steam  Inlet  Steam  Insulation  Time  to  Reach  Boiler  CH4 

Flow  Rate,  Temperature, (b)  Thickness/0)  Temperature, (d)  Duty,  Required^) 
Ib/hr  F  Inches  Hours  MM  Btu/hr  1000  scf 


a)  Building  2  is  modeled  after  Building  1501  of  Rocky  Mt.  Arsenal.  It  has  three 
stories,  each  80  feet  long  by  40  feet  wide  by  20  feet  high.  The  walls  are  2-ft  thick 
reinforced  concrete  and  the  floors  and  ceiling  are  1-ft  thick  concrete. 

b)  Inlet  gas  is  superheated  steam. 

c)  Insulation  is  used  to  reduce  heat  losses  through  the  concrete  walls/cei ling. 

d)  Time  required  for  the  outside  wall  temperature  of  the  concrete  on  the  first  floor  to 
reach  212  F. 

e)  Natural  gas  was  assumed  to  be  the  fuel  source. 
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TABLE  43.  RESULTS  OF  STEAM  DECONTAMINATION  HEAT 
BALANCES  FOR  BUILDING  3(a) 


Steam 
Flow  Rate, 

1  b  /  hr 

Inlet  Steam 
Temperature,  l*3) 

F 

Insulation 
Thickness, (c) 
Inches 

Time  to  Reach 
Temperature, (<*) 
Hours 

Boi ler 

Duty, 

MM  Btu/hr 

ch4 

Reauired(« 
1000  scf 

5,000 

300 

2 

300 

5.92 

1 

4 

>  300 

- 

f 

12 

>  300 

i 

\ 

* 

400 

2 

>300 

6.15 

- 

I 

4 

>  300 

| 

- 

f 

12 

125 

1 

' 

77C 

1 

600 

2 

126 

6.62 

836 

1 

4 

69 

1 

458 

f 

12 

55 

1 

i 

365 

10,000 

300 

2 

>300 

11.1 

34 

- 

1 

4 

>300 

1 

- 

? 

12 

215 

f 

2551 

400 

2 

307 

12.: 

31 

3787 

1 

4 

100 

1 

1233 

f 

12 

71 

! 

876 

600 

2 

49 

13.25 

621 

i 

4 

39 

I 

494 

▼ 

12 

35 

1 

f 

444 

15, ( 

300 

300 

2 

>300 

17.' 

76 

- 

I 

4 

>300 

I 

; 

- 

» 

12 

147 

\ 

1 

2616 

400 

2 

118 

18.46 

2183 

I 

4 

70 

1 

1295 

f 

12 

56 

) 

1036 

600 

2 

36 

19. 

87 

717 

! 

4 

31 

617 

12 

29 

577 

1 

1 

1 

a)  Building  3  is  modeled  after  Building  1640of  Rocky  Mt.  Arsenal.  It  is  100  feet 
long  by  50  feet  wide  by  20  feet  high  metal  wall/ceiling  structure  with  a  one-foot 
concrete  floor. 

b)  Inlet  gas  is  superheated  steam. 

c)  Insulation  is  used  to  reduce  heat  losses  through  the  metal  walls/ceiling. 

d)  Time  required  for  the  outside  wall  temperature  of  the  concrete  to  reach  212  F. 

e)  Natural  gas  was  assumed  to  be  the  fuel  source. 


492 


vi-m 


Heating  times  versus  steam  flow  rate  curves  for  varying  steam 
inlet  temperatures  and  insulation  thicknesses  are  illustrated  in 
Figure  25  (Building  1),  Figure  26  (Building  2),  and  Figure  27 
(Building  3). 

Fuel  requirements  versus  steam  flow  rate  curves  for  varying 
steam  inlet  temperatures  and  insulation  thicknesses  are  illustrated  in 
Figure  '  (Building  1),  Figure  29  (Building  2),  and  Figure  30 
(Build  3). 

5.1.3  Steam  Mass  Transfer  Calculations 

Experimental  results  from  steam  decontamination  tests  indicate 
that  hydrolysis  of  the  agent  is  a  primary  decontamination  mechanism. 

The  decontamination  conditions  of  high  partial  pressure  of  water  vapor 
and  elevated  temperatures  are  conducive  to  vapor  phase  hydrolysis.  As 
such,  decontamination  of  porous  materials  must  consider  not  only  the 
conduction  of  heat  into  the  porous  material,  but  also  the  presence  of  a 
high  partial  pressure  of  water  vapor  within  the  porous  matrix.  Two 
sources  of  water  vapor  within  a  porous  matrix  are  diffusion  and  in-situ 
formation . 

The  rate  of  diffusion  of  water  vapor  into  a  porous  material 
such  as  concrete  can  be  estimated  by  the  semi-infinite  solution  to  the 
one-dimensional  unsteady  state  diffusion  equation.  The  solution  is  as 
follows : 

^  -  erf c  (y/2 

where 

Ft  =  partial  pressure  of  water  vapor  inside  the  material  at 
time  t 

P0  =  partial  pressure  of  water  vapor  at  time  0 

Pi  =  partial  pressure  of  water  vapor  at  surface  of  the  material 

at  time  t  greater  than  0 
erfc  =  complimentary  error  function 

y  =  penetration  depth  =  30.48  cm  for  a  one-foot  thick  concrete 
slab 
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O*  400  F/2"  Insulation 
A *  400  F/4"  Insulation 
□  “  400  F/12"  Insulation 
•  =  600  F/2"  Insulation 
A*  600  F/4"  Insulation 


Steam  Flow  Rate,  lb/hr 


FIGURE  25.  HEATING  TIMES  VERSUS  STEAM  FLOW  RATES 
FOR  BUILDING  1 


I  A  -  400  F/4"  Insulation 
□  «  400  F/12"  Insulation 

•  *  600  F/2"  Insulation 
A  »  600  F/4"  Insulation 

•  =  600  F/12"  Insulation 


Steam  Flow  Rate,  Ib/hr 


FIGURE  26.  HEATING  TIMES  VERSUS  STEAM  FLOW  RATES 
FOR  BUILDING  2 


CH.  Required  (1000’s  scf) 


VI-118 


DfrpF  =  effective  diffusivity,  cm^/hr 
t  =  time,  hr 

For  70  F  air  at  50  percent  relative  humidity  P0  =  0.012  atm. 

For  decontamination  using  steam  at  212  F  Pi  3  1  atm.  The  effective 
diffusivity  of  steam  in  air  is  estimated  as  follows. 

At  100  C,  0$TEAM/AIR  =  0.34  cm^/sec* 

0EFF  .  "STEAM/AIR  «.,  . 

where 

£  -  tortuosity  l/€ 

€  =  porosity  0 . 12 ( ^ ) 

Oppp  =  0.34  x  (0.12)2  x  3600  sec/hr 
=  17.63  cm2 /hr 

The  partial  pressure  of  water  vapor  at  a  depth  of  one  foot 
into  a  concrete  slab  was  calculated  with  the  values  above.  Results  of 
the  calculations,  illustrated  in  Figure  31,  indicate  that  infeasibly 
long  periods  of  time  would  be  required  for  the  concrete  at  a  depth  of 
one  foot  or  more  to  reach  a  high  partial  pressure  of  water  vapor  (i.e. 
higher  than  0.9  atm)  by  diffusion  alone.  However,  a  literature  review 
indicates  that  when  cured  concrete  is  heated  to  mild  temperatures  (i.e. 
up  to  980  F),  chemically  bound  and  absorbed  water  evaporates  in-situ. 

The  amount  of  evaporable  water  in  the  concrete  (5  to  6  weight  per- 
cent)U8)  should  be  sufficient  to  achieve  the  high  partial  pressure 
desirable  for  decontamination.  Thus,  decontamination  of  concrete  should 
occur  by  heat  conduction  and  concomitant  in-situ  steam  generation  rather 
than  by  a  steam  diffusional  route  alone. 

5.2  Steam  Decontamination  Equipment 
Selection/Costing 

Four  configurations  of  the  steam  decontamination  system  were 
evaluated.  The  four  configurations  involve  different  methods  to  treat 
uncondensed  steam  exhausted  from  the  building  during  the  decontamination 
treatment.  The  uncondensed  steam  may  contain  intact  agent.  The  four 
configurations,  illustrated  in  Figure  32,  are  as  follows. 


*  Estimated  with  the  Chapman-Enskog  binary  gas  oair  diffusion  equation. 

500 


Steam  Contact  Time,  hours 


Partial  Press 
of  one  ft,  at: 


Potable  Water 

Potable 

Water 

Tank 


Figure  32c.  Partial 


Recycle  System 


Figure  326.  Packed  Bed  System 


FIGURE  32-  (CONTINUED) 
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•  Afterburner  thermal  treatment 

•  Heat  exchanger  condensation  followed  by  recycle  to  the 
boiler 

•  Partial  recycle  to  building  (after  reheat)/partial  conden¬ 
sation  by  heat  exchanger  followed  by  recycle  to  the  boiler 

•  Packed  bed  treatment. 

In  each  of  the  configurations,  the  condensate  from  the  build¬ 
ing  is  pumped  to  a  storage  tank  and  then  recycled  to  the  boiler.  Recyl- 
ing  of  contaminated  water  through  the  boiler  should  cause  decomposition 
of  the  trace  quantities  of  agent  that  may  be  contained  in  the  water. ^ 

A  discussion  of  the  four  steam  decontamination  configurations 
is  given  as  follows. 

5.2.1  Steam  Decontamination/Afterburner  System 

The  steam  decontamination/afterburner  system,  illustrated  in 
Figure  32a,  consists  of  a  packaged  boiler  (i.e.  steam  generator),  after¬ 
burner,  quencher,  induced  draft  fan,  stack,  ductwork,  and  a  condensate 
collection  system.  The  specification  and  costing  of  these  items  is 
given  as  follows. 

5. 2. 1.1  Boiler.  The  following  criteria  were  used  to  select  a 
steam  generator. 

•  Indirect  fired,  fire-tube 

•  Natural  gas  or  oil  fuel  capability 

•  250  psig  steam  supply  superheated  to  632  F  in  the  boiler. 
The  steam  is  throttled  to  about  0  psig  (600  F)  prior  to 
injection  into  the  building 

•  A  packaged  unit  is  preferred.  The  package  should  consist 
of  a  burner,  fans,  feed  pump,  and  controls. 

A  summary  of  the  boiler  costs  is  given  in  Table  44. 

5. 2. 1.2  Afterburner.  A  heat  balance  on  the  afterburner 
system  gives 

QTOTAL  =  qAIR  +  dSTEAM  +  1HEAT  LOSS 
504 
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TABLE  44.  BOILER  SYSTEM  COSTS 


Steam 

Flow  Rate, 
lb/hr 

Bui lding 
Inlet 
Temo. , 

F 

Required 

Heat 

Duty, 

MMBTU/hr 

Selected 

Heat  Duty,(a) 
MMBTU/hr 

Cost, (b) 
1968$ 

Cost, (c) 
1984$ 

15,000 

600 

19.9 

26.5 

$  40,250 

$115,530 

10,000 

600 

13.3 

17.7 

32,200 

92,430 

5,000 

600 

6.6 

8.8 

20,700 

59,420 

(a)  Normal  operation  at  75  percent  capacity.  jl 

(b)  Includes  preassembled  boiler,  induced  draft  fan,  instruments, 
controller,  burner,  boiler  feed  pumD,  stack,  combination  gas/oil 
firing.  Cost  includes  15  percent  additional  for  about  a  200  F 
suDerheat.  (Chemical  Engineering  3/24/69,  Dg.  114). 

(c)  1984$  =  1963$  x  (783.9/273.1)  for  3rd  quarter  1984$,  ; 


» 
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where 

9T0TAL  =  58,573  Vch4* 

9AIR  =  2,339  vair* 

9HEAT  LOSS  *  5,857  vch4* 

9STEAM  =  ™ STEAM  *  384.7** 
s  v$TEAM  x  0.3324 

Thus,  vch4  =  0.0444  vair  +  0.0056  v$TEAM- 
Allow  5  percent  oxygen  in  the  exhaust: 


0.05  =  — VAIR  zJim. _ 

VCH4  +  VAIR  +  VSTEAM 

Comb i n i ng  equations  gives 

vair  =  0-893  VSTEAM 
vCH4  =  0.045  VSTEAM 

Results  of  the  heat  balance  are  given  in  Table  454.  The 
afterburner  chamber  is  specified  in  Table  453.  Costs  for  the  after¬ 
burner  system  are  given  in  Table  46. 

5. 2.1. 3  Quencher.  Following  thermal  processing  in  the 
incinerator,  the  hot  flue  gases  will  be  cooled  by  quenching  to  a 
temperature  of  about  600  F.  A  lower  quenching  temperature  was  not 
selected  because  of  the  potential  for  condensation  in  the  gas  stream.  A 
quencher  rather  than  the  use  of  diluent  air  was  selected  for  cooling 
because  of  the  high  flow  rates  of  afterburner  flue  gas.  For  example, 
cooling  the  afterburner  flue  gas  from  the  15,000  Ib/hr  steam  case  with 
air  at  70  F  would  require  about  59,009  scfm  of  air.  This  yields  a 
combined  air  flow  rate  of  137,000  acfm  at  500  F  which  must  be  handled  by 
an  induced  draft  fan. 


*  See  Section  4. 2. 1.2. 

**  Heat  required  to  raise  the  steam  temperature  from  290  F  (estimated 
building  exhaust  temperature)  to  2000  F  (afterburner  operating 
temperature).  rnc- 
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TABLE  45.  AFTERBURNER  CALCULATIONS 
TABLE  45A.  AFTERBURNER  MASS  BALANCE 


Steam 

Flow 

Rate, 

ib/hr 

Steam 

Flow 

Rate, 

scfm 

V 

AIR, 

scfm 

V 

ch4, 

scfm 

n2 

Afterburner 

— raj — 

Flue 

T~ 

Gas  (scfm) 
°2 

Total 

%  o2 

in 

Exhaust 

15,000 

4986 

4452 

224 

3517 

224 

5434 

487 

9663 

5.0 

10,000 

3324 

2968 

150 

2345 

150 

3624 

323 

6442 

5.0 

5,000 

1662 

1484 

75 

1172 

75 

1812 

162 

3221 

5.0 

TA8LL  453. 

AFTERBURNER 

CHAMBER  SPECIFICATION 

Steam 

Flow 

Rate, 

Ib/hr 

Heat 

Duty, 

MMBTU/hr 

Minimum 

Chamber 

Volume,'3) 

ft? 

Outside 
Chamber 
Diameter , (^1 
ft 

Inside 

Chamber 

Diameter, 

ft 

Length, 

ft 

Inside 

Surface 

Area, 

ft2 

Gas 

Velocity, 

ft/sec 

15,000 

13.14 

374 

6.17 

5.5 

16 

276 

31.5 

10,000 

3.75 

249 

5.33 

4.67 

15 

220 

29.1 

5,000 

4.38 

125 

4.00 

3.33 

14.5 

182 

23.6 

(a)  Minimum  chamber  volume  =  Total  afterburner  flue  gas  (srfm)  x  x  ^  x  0.5  sec. 


(b)  Includes  4  inches  of  refractory. 
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TABLE  46.  AFTERBURNER  COSTS 
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(b)  90  percent  alumina  firebrick  at  $10.25/ft2/inch  x  4  inches  (Chemical 
Engineering,  2/5/84,  Dg.  121). 

(c)  At  $75/ft2  area  (Chemical  Engineering,  2/6/84,  pg.  121). 
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A  heat,  balance  on  the  quencher  gives: 


q WATER 


600  F 


80  F 


qGAS 


600  F 


2000  F 


"'WATER  *  (1335.2-48.2)  =  GAS  *  0.416  x  (2000-600) 


"'WATER  =  0.453  rhGAs 


A  summary  of  quencher  calculations  and  cost  estimates  is  given  in  Table  47. 


5. 2. 1.4  Induced  Draft  Fan.  An  induced  fan  was  selected  to 
maintain  the  building  under  a  slight  negative  pressure  of  about  -0.2 
inches  water.  A  summary  of  the  induced  draft  fan  specifications  and 
cost  is  given  in  Table  48. 


5. 2. 1.5  Ductwork.  Ductwork  for  the  system  was  specified 
using  the  criteria  given  in  Section  4.2.4. 1.2.  The  pressure  losses 
obtained  from  the  ductwork  specifications  were  used  to  specify  the 
induced  draft  fan  in  Section  5. 2. 1.4.  Ductwork  costs  are  given  in 
Table  49. 


5. 2. 1.6  Condensate  Collection  System.  Criteria  used  for 
selection  of  the  steam  condensate  collection  system  are  as  follows: 

•  For  design  purposes  assume  all  steam  that  enters  the  build¬ 
ing  condenses 

•  Select  a  contaminated  water  storage  tank  sized  to  hold  at 
least  a  120  minute  supply 

•  Select  a  potable  water  storage  tank  sized  to  hold  at  least 
a  60  minute  supply 

t  A  fabric  Filter  bank  and  "Y"  st'viner  are  required  to 
remove  particulates 

•  Pump  selection  is  based'  on  the  following 

-  a  minimum  inlet  pressure  into  the  fabric  filter  bank  of 
25  psig 
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TABLE  49.  DUCTWORK  COSTS 
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-  a  pressure  loss  of  5  psig  across  the  filter  bank 

-  average  vapor  pressure  of  condensate  over  the  decontamination 
treatment  is  5  psia 

-  pressure  is  lost  through  five  elbows  (Kp  =  0.9  each)  and  three 
half-open  gate  valves  ( Kf  "5.6  each) 

-  pipe  length  =  120  ft  including  an  increase  of  20  feet  in 
elevation 

-  a  5  to  10  ft/sec  flow  velocity  through  the  oipes. 

The  following  equations  were  used  to  calculate  the  required  pumo 
pressure  requirements: 

hp  =  (4FL/D  +  Kp)V2/2gc 

APT0TAL  =  ( 9AZ/gc  +  hF)  +APFILTER 

The  following  are  results  of  the  calculations: 


Water 

Flow, 

qpm 

Pipe 

I.D., 

inches 

Velocity, 

ft/sec 

F 

hF. 

ftlbf 

lbm 

aPtotal. 

PSiq 

30 

1.5 

5.4 

0.0045 

17.5 

41 

20 

1.0 

8.2 

0.0045 

49.3 

54 

10 

0.75 

7.3 

0.005 

49.4 

54 

The  pump  pressure  requirements  were  then  used  to  cost  the 
pump.  The  pump  and  tank  costs  are  summarized  in  Table  50. 


5. 2. 1.7  Steam  Decontamination/Afterburner  Cost  Summary.  A 
summary  of  the  capital  costs  for  the  steam  decontamination/afterburner 
thermal  treatment  system  are  given  in  Table  51. 

5.2.2  Steam  Decontamination/ 

Heat  Exchanger  System 


The  steam  decontamination/heat  exchanger  system,  illustrated 
in  Figure  32b,  consists  of  a  packaged  boiler,  heat  exchanger  and  a 
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condensate  collection  system.  The  heat  exchanger  serves  to  condense  the 
water  vapor  exhausted  from  the  building  such  that  the  condensate  can  be 
recycled  to  the  boiler.  Because  of  potential  restrictions  on  the  use  of 
large  quantities  of  water,  air  cooled  rather  than  water  cooled  heat 
exchangers  were  evaluated.  A  summary  of  the  calculations  given  in 
Table  52  indicates  that  the  heat  exchanger  required  to  condense  the 
steam  exhausted  from  the  building  at  the  worst  conditions  is  cost  pro¬ 
hibitively  too  large.  Similar  calculations  using  water  rather  than  air 
as  the  coolant  indicate  that  from  75  to  226  gpm  of  water  are  required 
for  cooling.*  These  high  water  flow  rates  are  not  desirable.  As  such, 
the  steam  decontamination/heat  exchanger  concept  is  eliminated  from 
further  evaluation. 

5.2.3  Steam  Decontamination/Partial  Recycle  System 

The  steam  decontamination/partial  recycle  system,  illustrated 
in  Figure  32c,  consists  of  a  packaged  boiler,  steam  superheater,  induced 
draft  fan,  air-cooled  heat  exchanger,  and  a  condensate  collection 
system.  A  mass  balance  on  the  system  is  shown  in  Figure  33.  For  the 
mass  balances,  it  was  assumed  that  one-half  of  the  exhausted  steam  would 
be  recycled  to  the  building  after  superheating  to  600  F.  Less  recycle 
would  require  the  use  of  a  larger  and  more  costly  heat  exchanger.  More 
recycle  would  result  in  either  a  more  lengthy  decontamination  time 
because  of  reduction  in  the  primary  boiler  size  or  a  more  costly 
boiler/heater  combination. 

The  specifications  of  components  of  the  steam  decontamination/ 
partial  recycle  system  is  as  follows. 


*  For  the  worst  case  of  steam  exhausted  from  the  building  at  a 

temperature  of  212  F,  the  cooling  water  will  not  appreciably  boil. 
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Overal  1 

Steam  Flow 
Rate,  lb/hr 

Flow  at 
(A), 
lb/hr 

Flow  at 
(B), 
lb/hr 

Flow  at 
(C), 
lb/hr 

Flow  at 
(E), 
gpm 

15,000 

7,500 

15,000 

7,500 

Mi 

15.6 

10,000 

10,000 

5,000 

10.4 

5,000 

5,000 

2,500 

m 

5.2 

Figure  33,  Steam  Mass  Balances  for  the  Steam 
Decontamination/Partial  Recycle  System 
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5. 2. 3.1  Boiler.  The  boiler  was  specified  using  the  criteria 
given  in  Section  5. 2. 1.1.  Costs  for  the  7,500  and  5,000  1 b /hr  units 
were  estimated  using  the  method  given  in  Table  44.  The  boiler  for  the 
2,500  Ib/hr  unit  was  estimated  from  data  given  in  Means  Construction 
Cost  Data,  1984  edition.  In  all  cases,  the  costs  included  materials  and 
installation. 

5.2. 3. 2  Superheater.  The  following  criteria  were  used  to 
specify  the  superheater: 

t  Normal  operation  at  75  percent  capacity 

•  Gas/oi 1  fired 

•  Stainless  steel  tubes 

Specifications/costs  for  the  superheaters  are  given  in  Table  53. 

5. 2. 3. 3  Heat  Exchanger.  The  specification  and  costs  for  the 
heat  exchanger  are  given  in  Table  54. 

5. 2.3. 4  ID  Fan/Ductwork .  The  ductwork  and  ID  fan  were  speci¬ 
fied  and  costed  using  the  methods  previously  described  in  Section 

4. 2.4.1. 


5. 2. 3.5  Condensate  Collection  System.  The  condensate  collec¬ 
tion  system  was  specified  using  the  method  described  in  Section  5. 2. 1.6. 

5. 2. 3.6  Steam  Decontamination/Parti alRecycle  Cost  Sumnary.  A 
summary  of  the  capital  costs  for  the  steam  decontamination/ 

partial  recycle  system  are  given  in  Table  55. 

5.2.4  Steam  Decontamination/Packed  Bed  System 

The  steam  decontamination/packed  bed  system,  illustrated  in 
Figure  32d,  consists  of  a  oackaged  boiler,  packed  bed,  ID  fan,  stack, 
and  condensate  collection  system.  The  boiler  and  condensate  collection 
system  are  identical  to  the  systems  described  in  Sections  5. 2. 1.1  and 
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(d)  1984$  =  1968$  x  733.9/273.1. 


EXCHANGER  SPECIFICATIONS/COSTS 


u'cal  Engineering  1/25/82,  p.  104. 

■inch  system  pressure  loss  (see  Chemical  Engineering  5/18/81 


TABLE  55-  STEAM  DECONTAMINATION/PARTIAL  RECYCLE  EQUIPMENT  COST  SUMMARY 
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5. 2. 1.6,  respecti vely.  The  ID  Fan,  Ductwork,  and  Stack  were  specified 
in  the  method  previously  described  in  Section  4, 2. 4.1.  The  packed  bed 
is  described  as  follows. 

5.2.4. 1  Packed  3&d.  Results  from  a  literature  review 
indicate  gamma  alumina  is  a  catalyst  for  GB  agent  decomposition  through 
a  hydrolytic  mechani sm(19 .20)  or  by  dealkylation. (21)  The  reaction  rate 
is  enhanced  by  the  presence  of  water  vapor  and  an  increase  in  reaction 
temperature.  The  conditions  of  the  building  exhaust  stream  (i.e.  water 
vapor  at  about  212  F)  would  be  conducive  for  the  catalytic  decomposition 
of  trace  quantities  of  GB  and  probably  VX  and  HD  on  gamma  alumina. 

The  following  served  as  the  basis  for  specification  of  the 
packed  column: 

•  One  second  residence  time 

•  Because  an  induced  draft  fan  was  selected  to  maintain  the 
building  under  a  slight  negative  pressure,  as  small  a  pres¬ 
sure  drop  through  the  packed  bed  as  possible  is  preferred. 
For  design  purposes,  a  pressure  drop  of  about  one  inch 
water  column  per  foot  of  column  packing  was  selected 

•  For  a  worst  case  flow  rate  no  condensation  in  the  packed 
bed  was  assumed 

•  A  damper/duct  is  used  to  supply  air  downstream  of  the 
packed  bed  in  order  to  maintain  a  constant  volumetric  flow 
rate  and  constant  pressure  drop  through 'the  system 

•  The  pressure  drop  through  the  distributor  plate  is  one- 
third  the  pressure  drop  of  the  entire  column 

•  One  standby  unit  is  required 

•  Column  height  is  10  feet 

t  The  density  of  the  alumina  packing  is  equivalent  to  one 
inch  ceramic  Raschig  rings 

The  pressure  drop  through  a  counter-current  liquid  (i.e.,  con¬ 
densate)  and  gas  (i.e.,  steam)  packed  bed  can  be  estimated  by  the 
following  equation*: 


* 


See  Chemical  Engineers  Handbook,  5th  Ed.  Edited  by  Perry  and  Chilton, 
pg.  15=22 .  523 
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AP  =  c2ldc3uL)  egug2 

where  -C2  =  0.80,  C3  ■  0.0348  for  1  inch  Raschig  rings 

-U 1  is  much  less  than  one,  therefore  10^3^  »  ] 

-  eg  =  0.0373  lb/ft3  (steam  at  212  F) 

-AP  =  pressure  drop  per  foot  of  packing,  inches  of  water 

2 

-Ug  =  superficial  gas  velocity  =  v/(*D  /4) ,  ft/sec 

Results  of  the  calculations  are  given  in  Table  56a.  Estimated  costs  for 
the  packed  columns  are  given  in  Table  56b. 

5. 2.4. 2  Steam  Decontamination/Packed  3ed  Cost  Summary.  A 
summary  of  the  estimated  capital  costs  for  the  steam 
decontamination/packed  bed  system  are  given  in  Table  57. 

5.3  Steam  Decontamination  Cost  Summary 

A  summary  of  the  operating  costs  for  the  steam  decontamination 
concept  as  applied  to  Buildings  1,  2  and  3  are  given  in  Table  58  through 
60,  respectively.  The  basis  for  estimation  of  the  operating  costs  is 
given  in  Section  4.3.2. 

A  summary  of  the  total  cost  (i.e.,  ooerating  and  capital)  for 
the  three  evaluated  steam  decontamination  methods  is  given  in  Table  61 
and  illustrated  on  Figure  34. 

5.4  Steam  Decontamination  Recommendations/Conclusions 

Results  of  the  engineering  analysis  indicates  that  the  use  of 
the  steam  decontamination  concept  for  decontaminating  field  structures 
is  feasible.  Based  on  the  economic  analysis  the  recommended  features  of 
the  steam  decontamination  concept  are: 

•  Boiler  sized  at  about  5,000  lb/hr  of  250  psig  steam  super¬ 
heated  to  632  F 
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TABLE  56.  PACKED  COLUMN  SPECIFICATIONS/COSTS 
Table  56a.  Pressure  Drop  in  the  Packed  Column 
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TABLE  57.  STEAM  DECONTAMINATION/PACKED  BED  TREATMENT  COST  SUMMARY 
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TABLE  60.  OPERATING  COSTS  FOR  BUILDING  3 
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•  An  afterburner/quencher  system  to  decontaminate  uncondensed 
steam  exhausted  from  the  building 

•  Induced  draft  fan  to  maintain  the  building  under  a  negative 
pressure  during  operations 

•  Insulation  on  the  exposed  building  surfaces  equivalent  to 
R  =  80 

It  is  important  to  note  that  the  afterburner  system  is 
preferred  over  the  partial  recycle  system  because  a  negative  pressure 
can  be  maintained  inside  the  building  with  the  afterburner  system  while 
not  with  the  partial  recycle  system.  A  negative  building  pressure  is 
desirable  to  minimize  the  potential  for  agent  leakage. 

A  preliminary  piping  and  instrumentation  diagram  is  given  in 
Figure  35  while  a  conceptualization  is  shown  in  Figure  36. 


6.0  CONCLUSIONS /RECOMMENDATIONS 


Results  of  the  engineering  analyses  demonstrate  the 
feasibility  of  application  of  the  hot  gas  and  steam  concepts  to 
decontaminate  field  structures  contaminated  with  GB,  VX,  or  HO. 

Equipment  for  field  application  of  either  concept  is  commercially 
available  on  an  off-the-shelf  basis  (i.e.,  no  special  equipment  designs 
are  anticipated). 

Features  of  the  preferred  hot  gas  decontamination  system 
include  the  following: 

$  7  million  Btu/hr  burner  hot  gas  supply 

•  After  burner  for  treatment  of  the  building  exhaust  stream 

•  Quencher  to  cool  the  afterburner  exhaust  gas 

t  Induced  draft  fan  to  maintain  the  building  under  a  negative 
pressure  during  operaitons 

•  OPAB  or  other  decontaminant  as  a  protective  coating  on  the 
external  building  surfaces 

•  Insulation  on  the  exposed  building  surfaces  equivalent  to 
R=40. 
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FIGURE  35.  PRELIMINARY  P&I  DIAGRAM  OF  THE  STEAM  DECONTAMINATION  CONCEPT 


EXHAUST 


FIGURE  36.  CONCEPTUALIZATION  OF  THE  STEAM  DECONTAMINATION  CONCEPl 
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A  literature  analysis  of  the  thermal  effects  on  concrete  indicated  that 
during  the  hot  gas  treatment,  the  concrete  should  not  be  heated  to  a 
temperature  greater  than  about  400  C  (752  F).  Also,  following  cool¬ 
down,  the  concrete  should  be  wetted  with  water  to  regain  most  of  the 
strength  lost  during  the  heat  treatment. 

Features  of  the  preferred  steam  decontamination  system  include 
the  following: 

•  Boiler  sized  at  5000  Ib/hr  of  250  psig  steam  superheated  to 
632  F 

•  Afterburner /quencher  to  treat  uncondensed  steam  exhausted 
from  the  building 

•  0PAB  or  other  decontaminant  as  a  protective  coating  on  the 
external  building  surfaces 

•  Insulation  on  the  exposed  building  surfaces  equivalent  to 
A  -  20 

•  Recycle  of  condensate  through  the  boiler. 

Results  of  the  cost  analyses  on  the  preferred  decontamination  systems 
are  as  applied  to  the  model  facility  are  given  below: 


Decontamination 

Capital  Cost,* 

Operating  Cost,* 

Total  Cost,* 

System 

$1000 

$1000 

$1000 

Hot  Gas 

$180 

$167 

$347 

Steam 

$249 

$267 

$516 

The  costs  indicate  that  the  hot  gas  decontamination  concept  is 
economically  preferred  over  the  steam  decontamination  concept. 

*1984 
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TEST  REPORT 
FOR 

TASK  3  SUBTASK  9 

TEST  PLAN  FOR  FATE  OF  AGENT 
ON  CONCRETE 

Contact  No.  DAAK11-81-C-0101 
for 

UNITED  STATES  ARMY 

TOXIC  ANO  HAZARDOUS  MATERIALS  AGENCY 

1.0  INTRODUCTION 


The  U.S.  Army  Toxic  and  Hazardous  Materials  Agency  (USATHAMA) 
has  responsibility  for  decontamination  of  facilities  contaminated  with 
chemical  agents.  Battelle's  Columbus  Laboratories  has  been  assisting 
USATHAMA  in  identifying,  developing,  and  evaluating  novel  decontamina¬ 
tion  techniques  for  agent  contaminated  facilities.  The  current  decon¬ 
tamination  standard  (the  5X  condition)  is  not  defined  precisely  in 
analytical  terms.  This  deficiency  can  lead  to  ambiguity  in  assessing 
the  effectiveness  of  decontamination  procedures.  A  standard  based  on  an 
analytical  determination  of  residual  agents  on  building  surfaces  and 
subsurfaces  before  and  after  decontamination  is  desirable  to  ensure  com¬ 
patibility  with  unrestricted  use  requirements. 

1.1  Novel  Processing  Technology  Program 

Suitable  analytical  methods  for  use  in  the  agent  decontamina¬ 
tion  studies  on  this  USATHAMA  Contract  (the  ''Novel  Processing  Technology 
Program")  were  unavailable  when  laboratory  experiments  were  being 
initiated.  Consequently,  analytical  method  development,  in  accordance 
with  USATHAMA  Quality  Assurance  Program  Plan  guidance  (1),  was  under¬ 
taken  for  the  agents  GB,  HD,  and  VX  on  selected  building  materials. 
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Building  materials  examined  included  unpainted  mild  steel,  unoainted 
stainless  steel,  and  unpainted  concrete.  These  same  materials  were  also 
examined  following  painting  with  selected  paints  believed  to  be  repre¬ 
sentative  of  those  used  in  agent  facilities.  These  paints  included  a 
typical  alkyd  paint  and  more  specialized  plasticized  paints. 

Attempts  to  recover  agents  by  solvent  extraction  from  the 
painted  and  unpainted  materials  were  successful  and  produced  no  unanti¬ 
cipated  results.  The  typical  analytical  method  used  for  this  solvent 
extraction  and  subsequent  analysis  is  depicted  in  the  flow  diagram  shown 
in  Figure  1.  Specific  procedures  that  were  investigated  and  experi¬ 
mental  results  that  were  obtained  have  been  documented  and  reported  to 
USATHAMA  (2). 

Use  of  the  solvent  extraction  method  depicted  in  Figure  1 
proved  significantly  less  successful  for  extraction  of  agents  from  con¬ 
crete  than  for  extractions  of  agents  from  metal.  Assorted  modifications  to 
the  basic  method  were  tried,  such  as  use  of  various  solvents  and  crush¬ 
ing  the  concrete  specimen  to  facilitate  contact  between  agent  and 
solvent.  Results  were  disappointing,  in  that  GB  could  not  be  extracted 
by  any  technique  attempted  at  levels  dosed  significantly  above  the 
method  detection  limit.  Agents  HD  and  VX  could  be  partially  recovered 
(between  33  and  67  percent  recovery)  from  unpainted  concrete  using 
acetonitrile  as  the  extraction  solvent  and  a  20-minute  extraction  cycle. 
However,  the  precision  (repeatability)  observed  for  this  technique  was 
extremely  poor,  and  efforts  to  improve  this  repeatability  were 
unsuccessful.  These  results  for  all  three  agents  suggested  that  all  or 
part  of  the  agent  applied  to  the  concrete  specimen  was  not.  available  to 
be  extracted  due  to  interaction  with  the  concrete.  Several  factors 
suggest  that  this  interaction  is  the  chemical  reaction  of  hydrolysis 
occurring  between  the  agent  and  concrete.  These  factors  are: 

•  Agent  recovery  experiments  were  successful  for 
metals  but  failed  for  concrete.  This  result 
implies  that  lack  of  recovery  from  concrete  can¬ 
not  be  attributed  to  selection  of  extraction  sol¬ 
vents  having  little  or  no  attraction  for  agents. 


546 


VI 1-3 


FIGURE  1.  FLOW  CHART  FOR  SOLVENT  EXTRACTION  OF  AGENT 
FROM  BUILDING  MATERIAL 
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•  Concrete  provides  a  porous,  reactive  matrix;  con¬ 
tains  significant  occluded  water  and  waters  of 
hydration;  and  is  alkaline  (with  pH  ranging 
typically  from  12  to  13).  These  characteristics 
would  favor  hydrolysis. 

•  The  agents  G8,  HD,  and  VX  are  very  susceptible  to 
chemical  reaction  under  alkaline  conditions  (3). 

On  the  basis  of  these  factors,  the  literature  pertaining  to  similar 
studies  of  agent  interactions  with  concrete  was  surveyed  for  additional 
evidence  as  to  the  fate  of  agent  on  concrete. 

1.2  Literature  Survey  Results 

A  survey  of  the  technical  literature  was  conducted  to  uncover 
experimental  data  regarding  the  fate  of  the  agents  GB,  HD,  and  VX  on 
concrete.  This  survey  failed  to  uncover  any  evidence  that  the  fate  of 
these  agents  on  concrete  had  previously  been  characterized  such  that  the 
nature  of  any  interaction  between  agent  and  concrete  was  precisely  iden¬ 
tified.  Although  no  directly  comparable  experimental  results  were 
located,  considerable  data  were  found  to  support  both  the  hypothesis 
that  agent  does  interact  with  concrete  and  the  contention  that  this 
interaction  is  a  chemical  reaction  resulting  in  hydrolytic  decomposition 
of  the  agent.  The  results  of  the  technical  literature  survey  are 
summarized  in  the  following  sections  on  each  chemical  agent. 

1.2.1  Agent  G3. 

The  persistence  of  GB  (isoprooyl  methyl  phosohonof luoridate) 
on  various  materials,  including  concrete,  was  investigated  by  Jackson  in 
an  effort  to  determine  residual  contact  hazard  resulting  from  agent  con¬ 
tamination  of  surfaces  (4).  The  experimental  design  specified  use  of 
five  materials:  sand,  sandy  loam,  high  humus  loam,  asphalt,  and  con¬ 
crete.  A  chemical  agent  (GA  or  GB)  was  apolied  to  the  surface  by  an 

? 

unspecified  technique  to  give  a  contamination  density  S3  or  330  g/m '. 


The  atmosphere  above  the  surface  was  then  sampled  using  impingers 
containing  diethylphthalate,  and  the  contents  of  the  impingers  were 
analyzed  colorimetrical ly.  Results  are  summarized  in  Figure  2.  Jackson 
concluded  that  decontamination  of  the  five  materials  evaluated  would  be 
unnecessary  if  more  than  6  hours  had  elapsed  since  contamination  had 
occurred.  Because  of  the  limited  analytical  resources  available  when 
Jackson  carried  out  this  study  in  the  early  1950'$  arid,  the  lack  of 
precise  agent  separation  and  identification  capabilities  inherent  in  the 
colorimetric  assay  method  used,  the  conclusions  may  be  flawed.  The 
results  do  demonstrate,  however,  the  limited  extent  to  which  33  is 
released  from  concrete  as  well  as  from  the  other  materials.  The  maximum 
recoverable  83  from  concrete  was  found  by  Jackson  to  be  30  percent  (see 
Figure  2).  Jackson  did  not  provide  any  guidance  as  to  the  fate  of  the 
G3  that  remained  on  the  concrete. 

Two  principal  investigations  do  provide  some  guidance,  how¬ 
ever,  and  support  the  contention  that  hydrolysis  accounts  for  this  lack 
of  GB  recovery.  These  investigations  are  the  work  of  Epstein  and  others 
on  the  fate  of  GB  in  seawater  and  similar  ionic  solutions  (5,6)  and  the 
environmental  fate  studies  conducted  at  U.S.  Army  Dugway  Proving 
Ground  (7,8). 

Destruction  of  G3  in  seawater  is  pertinent  to  the  prospect  of 

GB  hydrolysis  on  concrete  surfaces  due  to  similarities  in  chemical 

environment.  For  example,  both  seawater  and  concrete  contain  relatively 

2+ 

high  concentrations  of  hydroxy-metai  complexes  of  Mg"  and  Ca  ,  and 
both  seawater  and  cuiici  cte  arc  in  the  alkaline  pH  range.  Epstein  has 
characterized  the  fate  of  33  in  seawater  and  has  determined  this  fate  to 
be  hydrolysis,  with  substantial  participation  by  magnesium  and  calcium 
hydroxy  complexes  (5). 

The  dramatic  effect  on  the  hydrolysis  rat-  of  GB  due  to  the 
participation  of  these  alkali  metals  was  further  characterized  by 
Epstein  (6).  Results  indicated  that  the  time  for  G3  hydrolysis  reaction 
half-life  was  reduced  ten-fold  for  solutions  containing  Mg  and  Ca" 
ions  versus  solutions  of  the  same  pH  but  without  these  alkali  metal 
cations.  The  accelerative  effect  of  alkali  met3ls  on  G3  hydrolysis  has 
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an  important  inference  for  the  fate  of  GB  on  concrete.  Epstein's  results 
have  shown  that  the  hydrolysis  half-life  for  G5  in  brackish  seawater  at 
pH  13,  a  typical  pH  for  concrete,  is  less  than  two  seconds  (<  0.03  minutes). 
Therefore,  if  G8  hydrolysis  does  occur  on  concrete,  the  rate  will  be 
rapid. 

The  environmental  fate  of  GB  was  studied  at  Dugway  Proving 
Ground  for  conditions  that  offer  parallels  to  conditions  present  in  con¬ 
crete.  The  investigations  by  Houle  and  his  associates  (7)  focused  on 
soil  types  and  moisture  contents  in  soil  that  resemble  concrete.  The 
soil  types  selected  were  representati ve  of  the  dry  lake  bed  and  arid 
desert  conditions  characteristic  of  the  Granite  Peak  area  at  Dugway. 
Consequently,  the  soils  were  mineral  soils  with  insignificant  humic  con¬ 
tent.  Of  the  three  soils  used  in  this  study,  the  Pickleweed  soil  would 
be  most  similar  in  physical  and  chemical  characteri sties  to  those  of 
concrete,  in  that  both  have  significant  soluble  salt  content  and  are 
high  in  sand.  Results  showed  the  Pickleweed  soil  rapidly  destroyed  GB 
through  alkaline  hydrolysis.  This  same  alkaline  hydrolysis  was  observed 
for  the  two  other  soil  types.  The  lifetime  of  GB  in  all  three  soils  was 
determined  to  be  brief  such  that  little  possibility  existed  for  GB  to 
persist  in  these  soils.  Subsequent  soil  sampling,  extraction,  and 
analysis  from  Granite  Peak  sites  where  substantial  drainage  of  GB  onto 
the  ground  had  occurred  confirmed  both  the  absence  of  GB  and  the  ore- 
sence  of  known  hydrolysis  products  in  these  soils  (8). 

1.2.2  Agent  HD. 

Persistence  of  HD  (bis  (2-chloroethyl )  sulfide)  on  concrete 
and  two  other  surface  materials  was  investigated  by  Brady  et  al.  in  con¬ 
junction  with  studies  of  the  all-purpose  decontaminant  (APD)  (9).  In 
this  study,  HD  was  deposited  on  concrete  surfaces  in  drops  aporoximately 
500  microns  in  diameter.  The  concentration  applied  to  the  surface  was 
approximately  10  g/m  of  surface  area.  Decontamination  treatment  of  the 
contaminated  specimen  consisted  of  a  control  (i.e,,  no  added  APD)  plus 
three  increasing  application  rates  of  APD.  Results  in  terms  of  the  per¬ 
cent  agent  that  disappeared  in  various  time  intervals  are  summarized  in 
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Table  1.  As  these  data  in  Table  1  show,  disappearance  of  HD  in  the 
absence  of  the  decontaminant  was  99  percent  complete  within  4  hours. 

The  initial  disappearance  from  the  two  porous  surface  materials,  con¬ 
crete  and  sand,  was  tenfold  greater  than  that  observed  for  the  rela¬ 
tively  nonporous  aluminum,  as  seen  by  the  results  for  percent  HD  lost 
within  0.25  hours. 

In  the  presence  of  decontaminant,  HD  disappearance  was  slowed 
substantially  for  concrete.  This  decrease  was  insignificant  for  soil 
and  was  not  observed  for  aluminum.  Brady  et  al.  attributed  these 
results  to  inhibition  of  evaporation  of  HD  from  concrete  following 
application  of  APD. (9)  Unfortunately,  this  conclusion  seems  to 


TABLE  1.  DISAPPEARANCE  WITH  TIME  OF  HD  ON  VARIOUS 

SURFACES  WITH  AND  WITHOUT  APPLICATION  OF  APD  (9) 


Type  of 
Surface 

Contamination 
Level,  g/m^ 

Volume  Ratio 
APD:  HD 

Percent  Aqent  Lost 
0.25  hr  ‘  1  hr 

in( a) 
TTr 

Aluminum 

5.0,  v 

No  APD 

5 

34 

>99 

4.8(b) 

20:1 

- 

76 

- 

25:1 

90 

95 

99 

45:1 

95 

97 

>99 

Concrete 

10.0,^ 

No  APD 

62 

83 

99 

3.8(b) 

25:1 

16 

29 

- 

45:1 

34 

34 

63 

100:1 

- 

37 

58 

Soil 

10 . 0 

No  APD 

5U 

33 

95 

5.0(b) 

45:1 

74 

>99 

u.  Some  of  the  data  are  the  results  of  single  determinations,  and 

other  are  averages  of  duplicate  determinations.  In  the  experiments 
in  which  APD  was  added,  the  additions  were  made  when  the  HD  had 
been  on  the  surface  for  0.25  hr.  For  these  experiments,  the  times 
listed  are  those  subsequent  to  the  additions  of  APD,  and  the 
percentages  are  based  on  the  contamination  levels  given  in  the 
second  column. 

b.  Calculated  for  the  time  of  APD  addition  on  the  basis  of  the  amount 
of  HD  found  at  this  time  in  the  absence  of  APD. 
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contradict  the  observation  that  disappearance  of  HO  was  faster  from  the 
porous  materials,  which  should  retard  evaporation  due  to  wicking  or  per-  I 

meation  of  HO  within  the  surface  material,  than  from  aluminum,  where 
evaporation  should  be  greater  due  to  the  enhanced  exposure  of  HD  to  the 
atmosphere.  Another  explanation  for  this  observed  decrease  in  HD  disap¬ 
pearance  from  concrete  following  application  of  APD  might  be  that  APO  I 

competed  effectively  with  concrete  for  HD;  that  is,  HD  preferentially 
dissolved  into  the  APD  rather  than  permeating  into  the  concrete.  This 
explanation  seems  weak  in  view  of  the  rapid  HD  disappearance  observed 
for  APD  on  aluminum.  If  HD  were  preferentially  dissolved  into  APD,  then  I 

the  disappearance  from  concrete  should  be  no  less  than  that  observed  for 
either  no  APD  or  APD  on  aluminum. 

A  more  plausible  explanation  for  these  results  is  that  APD 
reacts  with  cona  ete  and,  thereby,  neutralizes  some  of  the  alkaline 
hydrolysis  ability  of  concrete  with  a  corresponding  loss  in  APD  decon¬ 
taminating  ability.  This  explanation  would  also  account  for  the  corre¬ 
sponding  decrease  in  the  rate  of  reaction  between  APD  and  HD.  APD  (now 
known  as  CD-I)  is  composed  of  a  mixture  of  lithium  hydroxide,  mono- 
ethanol amine,  and  propylene  glycol.  There  is  no  apparent  connection 
between  this  composition  for  APD  and  any  corresponding  reaction  with 
concrete,  and  Brady  et  al.  failed  to  examine  the  Drospect  that  HD  reacts 
with  concrete.  Consequently,  the  ultimate  explanation  for  the  results  j 

reported  in  Table  1  cannot  be  reached  with  the  data  provided.  However, 
these  results  do  support  the  likelihood  that  a  reaction  between  HD  and 
concrete  does  occur. 

j 

1.2.3  Agent  VX. 

Persistence  of  VX  { 0-ethyl  S-[2-(diisopropylamino)ethyl 
methylphosphonothioate]}on  concrete  was  studied  by  Brady  et  al.  during 
the  all-purpose  decontaminant  (APD)  effort  using  the  same  experimental 
methods  discussed  previously  for  agent  HD  (9).  Results  obtained  for  VX 
on  concrete  were  similar  to  those  obtained  for  HD;  that  is,  substantial 
loss  of  VX  from  concrete  occurred  in  the  absence  of  APD.  These  results 
are  summarized  in  Table  2. 
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TABLE  2.  DISAPPEARANCE  OF  VX  FROM  CONCRETE  WITH  AND 
WITHOUT  APD  (9) 


Volume  Ratio 

APD :  VX 

Exposure 
Before  APD 

Time  (hr) 

After  APD 

Average  Percent  Agent 
Losti 

No  APD 

0.2 

n/aO>) 

51 

50:1 

0.2 

0.5 

81 

50:1 

0.2 

1.0 

76 

90:1 

0.2 

1.0 

72 

(a)  Percentage  based  on  initial  contamination  level  of  10  g/m2. 

(b)  N/A  =  not  applicable. 


Brady  et  al.  offered  two  possible  explanations  for  the 
recovery  of  49  percent  of  the  VX  (that  is,  51  percent  lost)  in  the  case 
of  no  APD  being  aoplied.  These  explanations  are: 

•  Reaction  between  the  agent  and  alkaline 
components  of  the  concrete 

•  Inaccessibility  of  agent  due  to  its  sequestering 
in  small  pores  of  the  concrete. 

The  post-contamination  sample  work-up  procedure  reported  by  Brady  et  al. 
required  pulverizing  the  concrete  and  stirring  the  resultant  mixture  of 
pulverized  concrete  and  the  extraction  solvent,  a  tris(hydroxymethyl) 
methylamine  buffer  solution.  This  process  should  have  ensured  good  con¬ 
tact  between  agent  and  solvent.  Unfortunately,  Brady  et  al.  failed  to 
pursue  this  issue  of  the  fate  of  VX  on  concrete;  and  the  analytical  pro¬ 
cedure  used  (enzymatic  assay)  to  quantify  residual  agent  was  incapable 
of  resolving,  identifying,  and  quantifying  potential  hydrolysis 
products. 

The  kinetics  and  mechanisms  of  VX  hydrolysis  have  been 
examined  extensively;  findings  have  been  summarized  by  Epstein  et 
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al.  (10),  who  have  derived  a  rate  equation  to  account  for  VX  hydrolysis 
in  the  pH  range  of  1.0  to  13.5.  This  equation  is: 


kobs  =  kH2°  +  k  Ka+[H+]  +  '<0H[0H‘]  Ka+[H+] 


where: 


2.9  x  10‘^hr”^  (first-order  rate  constant) 
?  -1 

1.5  x  10  hr  (first-order  rate  constant) 


30  M“lhr-1 


'second-order  rate  constant) 


2.5  x  10'y  (acid  dissociation  constant) 


The  first  term  in  this  equation  ( ’<h2oCh+] / ( Ka  +M)  is  the  major  con¬ 
tributor  to  the  overall  reaction  rate  up  to  pH  6.5.  The  second  term  in 
this  equation  (k  Ka/(Ka  +  [H+])  is  the  dominant  term  in  the  oH  range  6.5 
to  10.  This  term  reDresents  the  kinetics  of  the  simultaneous  cleavage 
of  the  P-S,  0-C  and  S-C  bonds.  The  final  term  in  this  equation  is  the 
controlling  factor  in  the  kinetics  of  hydrolysis  above  pH  10.0.  In  this 
range,  cleavage  of  P-5  bond  accounts  for  the  complete  hydrolysis 
reaction. 

The  conclusion  to  be  drawn  from  this  equation  is  that  cleavage 
of  the  P-S  bond  predominates  for  VX  hydrolysis  within  the  pH  range  ex¬ 
pected  for  concrete  (pH  12-13).  The  observed  rate  constant,  for  this  pH 
range  is  0.3  to  2.5  hours 

Evidence  that  VX  undergoes  hydrolysis  when  applied  to 
concrete-like  materials  can  be  found  in  the  assorted  investigations  of 
the  fate  of  VX  on  soils.  Both  Kraaijk  et  al.  (11,12)  and  Verweij  (13) 
have  studied  this  fate  and  have  measured  not  only  the  disaooearance  of 
VX  from  these  soils  but  also  the  appearance  of  degradation  products. 
These  products  included  diisopropylaminoethylthiol  (I)  and  its  tiiioethe*- 
analog  (II). 


HSCH2CH2N-CH(CH3)2 

ch(ch3)2 


(CH3)2CH, 

(CH3)2CH' 


;nch2ch2s-sch2ch2n; 


.ch(ch3)2 

‘CH(CH3)o 
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The  phosphorus-containing  degradation  products  identified  in  the  soils  were 
ethyl  hydrogen  methylphosphonate  (III)  and  methylphosphonic  acid  (IV). 


0 

I! 

CH3P-0H 

OC2H5 

hi 


1.3  Summary 


0 

II 

CH3P-OH 


OH 


IV 


Substantial  evidence  has  been  produced  to  attribute  the  inability 
to  recover  agent  from  concrete  to  factors  inherent  in  an  interaction 
between  agent  and  concrete  rather  than  to  limitations  in  solvent  extraction 
techniques  or  related  analytical  procedures.  This  evidence  consists  of: 

•  The  alkaline,  ionic,  and  hydrated  nature  of 
concrete 

•  The  ease  with  which  the  agents  GB,  HD,  and  VX 
undergo  alkaline  hydrolysis  (5,6,10) 

•  Experimental  data  on  soils  demonstrating  in  situ 
hydrolysis  of  GB  and  VX  (7,8,11,12,13) 

•  Documented  inability  to  recover  GB,  HD,  and  VX 
from  concrete,  even  in  the  absence  of  any 
externally  applied  decontaminant' (2,9). 

These  data  suggest  that  the  fate  of  these -agents  on  concrete  is  hydro¬ 
lysis.  Experimental  data  specific  to  this  fate,  however,  should  be 
derived  systematically  such  that  the  alternative  explanations  can  be 
considered. 


2.0  OBJECTIVE 


The  objective  of  this  research  project  was  to  identify  the 
fate  of  the  chemical  agents  GB,  HD,  and  VX  on  concrete.  This  study 
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focused  on  determining  whether  Lite  interactions  that  occur  between  agent 
and  concrete  are  physical  or  chemical.  Sufficient  evidence  existed  from 
independent  research  efforts  as  well  as  previous  work  on  this  program  to 
conclude  that  agent  does  interact  in  some  unspecified  wav  with  concrete 
and  that  this  interaction  prevents  or  inhibits  recovery  of  agent  when  it 
is  applied  to  concrete. 

Physical  interactions  that  might  account  for  the  inability  to 
readily  recover  agent  include  phenomena  in  which  the  state  of  the  agent 
molecule  is  changed  but  the  molecular  composition  is  unaltered. 

Examples  include  adsorption  of  the  agent  onto  the  concrete  and  adhesion 
of  agent  onto  interstitial  areas  within  concrete.  These  processes  may 
be  likened  to  uptake  and  retention  of  water  by  a  sponge.  Considerable 
efforts,  such  as  squeezing  and  heating,  are  required  to  comoletely 
recover  the  water  from  the  sponge.  However,  the  water  is  available  to 
be  recovered.  By  analogy,  agent  retained  in  concrete  by  ohysical  forces 
would  be  available  for  ultimate  release  to  the  environment,  although 
considerable  effort  might  be  required  to  cause  this  release. 

Chemical  interactions  that  might  account  for  the  inability  to 
recover  agent  from  concrete  involve  a  change  in  molecular  composition  of 
agent,  resulting  in  production  of  nonagent  species.  Hydrolysis  of  agent 
is  a  prime  example  of  a  chemical  reaction  likely  to  occur  in  concrete, 
owing  to  the  presence  in  concrete  of  reactants  associated  with  tradi¬ 
tional  methods  of  bringing  about  agent  hydrolysis.  These  species 
include  the  waters  of  hydration  that  are  characteristic  of  the  inorganic 
species  that  constitute  concrete,  (e.g.  hydrated  calcium  aluminosili¬ 
cates)  and  a  potentially  effective  agent  decontaminant.  In  the  event 
chemical  reactions  between  agent  and  concrete  do  occur,  then  the  success 
of  efforts  to  recover  agent  will  be  limited  by  the  speed  and  extent  of 
these  reactions  and  the  extent  to  which  these  reactions  are  reversible. 
An  excellent  analogy  exists  with  the  decontamination  towelettes  of  the 
M258  A1  Personnel  Decontamination  Kit.  These  towelettes  have  been 
impregnated  with  active  decontaminants  for  either  nerve  3gents 
(Packet  I)  or  vesicants  (Packet  II),  so  that  as  agent  is  drawn  up  into 
the  towelette,  the  decontaminants  react  to  neutralize  the  agent.  Agent 
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cannot  be  recovered  from  a  used  towelette  unless  all  the  decontaminating 
ability  of  the  towelette  has  been  spent.  If  agent  were  decontaminated 
in  situ  by  concrete,  then  recovery  of  agent  can  take  place  only  to  the 
extent  to  which  this  decontamination  reaction  has  failed  to  occur. 


3.0  APPROACH 


Investigation  of  the  fate  of  agent  on  concrete  involved  three 
major  subtasks:  Literature  Survey;  Pulverized  Concrete  Studies;  and 
Intact  Concrete  Coupon  Experiments.  The  literature  survey  provided 
information  that  aided  interpretation  of  experimental  results.  Pul¬ 
verized  concrete  was  used  to  determine  whether  the  interaction  between 
agent  and  concrete  is  physical  or  chemical.  Intact  concrete  coupon 
experiments  were  conducted  to  provide  a  baseline  for  agent  release  from 
concrete  into  the  atmosphere,  to  extend  the  information  base  derived 
from  pulverized  concrete  studies  to  include  results  more  nearly  aDproxi- 
mating  field  conditions  rather  than  the  laboratory  environment,  and  to 
gain  data  on  agent  interactions  with  concrete  that  would  allow  the 
kinetics  of  any  reaction  to  be  derived. 

Specific  details  on  the  intended  experimental  aoproach  were 
provided  in  a  test  plan.  Essential  details  to  this  experimental 
approach  are  summarized  below.  Actual  data  is  given  in  3attelle 
Laboratory  Record  Book  Nos.  38958,  39054  and  39546. 

3.1  Literature  Survey  (Subtask  A) 

The  existing  computerized  files  prepared  under  Phase  I  of  the 
Novel  Processing  Technology  Program  were  examined,  along  with  additional 
reports  identified  during  analytical  method  development  activities  on 
this  Program.  The  literature  survey  focused  on  extracting  data  from 
relevant  reports  to  be  used  during  interpretation  of  project 
experimental  results  or  during  planning  of  precise  exoerimental 
procedures.  Results  from  this  survey  were  incorporated,  in  Dart,  into 
Section  1.2  of  this  report. 
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3.2  Pulverized  Concrete  Studies  (Subtask  3) 

Subtask  B  involved  the  use  of  dilute  agent  on  Dulverized 
concrete  to  gather  information  on  the  rate,  degree  and  nature  of  the 
interaction  between  the  agents  and  concrete.  Diluted  agent  and 
pulverized  cured  concrete  was  used  in  this  subtask  to  minimize 
diffusion-limited  phenomena  such  as  the  wicking  effect  observed  for 
concrete  dosed  with  neat  agent.  The  cured  concrete  was  oulverized  and 
sieved  to  a  size  not  greater  than  600  microns. 

Three  distinct  approaches  were  used  in  Subtask  3.  Initially, 
the  influence  of  both  agent  concentration  and  time  of  contact  between 
agent  and  pulverized  concrete  were  investigated  for  a  constant  mass  of 
concrete  and  at  a  single,  constant  temperature.  This  effort,  referred 
to  as  Subtask  B.l,  allowed  planning  of  a  second  set  of  experiments 
(Subtask  B.2),  in  which  the  influence  of  temperature  for  known  and 
constant  contact  time  and  agent  concentration  was  determined.  In 
Subtask  B-3  the  influence  of  time  of  contact  between  VX  and  pulverized 
concrete  was  investigated  with  a  constant  mass  of  concrete  and  at  a 
single,  constant  temperature.  Experimental  details  and  discussion  of 
experimental  results  are  given  in  Section  4,1  of  this  report. 

3.3  Intact  Concrete  Experiments  (Subtask  C) 

Subtask  C  involved  attempts  to  extract  agent  from  intact 
spiked  concrete  coupons  either  by  thermal  desorption  or  by  solvent 
extraction.  The  intact  cured  concrete  coupons  were  of  the  same 
dimensions  as  those  coupons  used  throughout  the  Novel  Processing 
Technology  Program  engineering  studies*.  Results  from  Subtask  B  studies 
were  used  to  provide  specific  guidance  for  contact  time,  agent  level  for 
neat  agent  dosing,  and  other  important  exDer imental  details.  These 
details  are  discussed  in  Section  4.2,  along  with  the  rationale  for 
selection. 


*  See  Appendix  III  and  V  of  the  main  report. 
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Because  intact  coupons  were  used  in  this  work,  baseline 
thermal  desorption  experiments  were  conducted  to  evaluate  the  effect  of 
heating  concrete  specimens  to  GO  C  (140  F).  These  specimens  were 
contaminated  separately  with  each  of  the  three  chemical  agents  at 
selected  contamination  densities.  The  intact  coupon  was  placed  in  a 
chamber  which  was  then  heated  to  60  C.  Air,  also  heated  to  60  C,  was 
directed  through  the  chamber  and  then  passed  through  an  atmosDheric 
sampling  device  (impinger-style  bubbler).  Analyses  of  the  bubbler 
solutions  were  used  for  evaluating  the  extent  to  which  agent  was 
volatilized  from  the  intact  concrete. 

In  addition  to  the  thermal  desorption  experiments,  various 
solvents  and  solvent  contact  times  were  evaluated  for  extraction  of  HO 
from  intact  concrete. 


4.0  EXPERIMENTAL  PROCEDURES  AND  RESULTS 


4.1  Pulverized  Concrete  Studies  (Subtask  3) 


4.1.1  Influence  of  Concentration 
and  Time  (Subtask  B.l) 

4.1. 1.1  Experimental  Procedures.  The  influence  of  agent  con¬ 
centration  and  contact  time  were  examined  by  adding  a  known  mass  of  oul- 
verized  concrete  to  the  desired  concentration  of  agent  in  hexane  and 
removing  an  aliquot  for  residual  agent  analysis  at  selected  times  after' 
addition  of  concrete.  Contact  time  refers  to  the  time  between  addition 
of  the  pulverized  concrete  and  withdrawal  of  the  aliquot  for  residual 
agent  analysis.  Analysis  was  conducted  by  capillary  column  gas  chroma¬ 
tography,  equipped  with  a  flame  photometric  detector  (GC/FPD)  operating 
in  the  phosphorus  mode  for  G3  and  VX  and  the  sulfur  mode  for  HD. 

Solution  concentrations  of  agent  selected  for  the  pulverized 
concrete  experiments  were  13,  52,  104,  and  520  mg/L;  which  correspond  to 
agent-to-concrete  ratios  of  0.045,  0.18,  0.36,  and  1.3  mg/g,  based  on 
100  mL  solutions  and  23  g  pulverized  concrete.  These  ratios  correspond 
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to  agent  surface  coverages  of  1.2,  4.3,  9.6,  and  48  g-agent  per  m2.  The 
basis  for  these  ratios  is  detailed  below  for  0.045  mg/g : 

Dimensions  of  concrete  coupon  =  5  in.  x  5  in.  x  0.25  in. 

7  7  7 

Spiked  area  of  coupon  =  (4  in.)  /4  =  12.6  in  =  81.1  cm' 

2  ? 

Target  agent  coverage  =  10  mg  agent/81.1  cm  =  0.12  mg/cm 

=1.2  g/m2* 

Average  mass  of  5x5  x  0.25  inch  coupon  =  225  g  (range  =  200- 
250  g) 

7  7 

Mass  of  agent  per  coupon  =  (0.11  mg/cm  x  81.1  cm  =  10  mg 
Ratio  of  agent  :  concrete  =  =  0.045  mg- 


agent/g-concrete. 


Contact  times  of  0  (that  is,  immediately  orior  to  addition  of 
concrete),  30,  60,  120,  and  1440  minutes  were  used.  All  exoeriments 
were  conducted  in  250  ml  Erlenmeyer  flasks  that  were  irmiersed  in  a 
temperature  bath  maintained  at  25  C.  The  pulverized  concrete  was  main¬ 
tained  in  slurry  by  vigorous  mechanical  mixing.  Each  experiment  was 
conducted  in  duplicate  and  was  analyzed  singly  via  GC/FPO.  A  method 
control  containing  agent  but  no  pulverized  concrete  was  carried  along 
with  each  experiment.  Results  from  this  method  control  were  used  to 
estimate  loss  of  agent  or  solvent  during  the  experiment.  In  addition,  a 
method  blank  of  pulverized  concrete  in  hexane  was  analyzed  to  ensure  no 
artifacts  were  present  to  interfere  with  the  analytical  scheme.  Exami¬ 
nation  of  the  results  from  this  work  showed  that  the  studies  involving 
HD  required  a  more  prolonged  total  contact  time  to  obtain  useful  data. 
Consequently,  additional  work  was  done  using  a  single  concentration  of 
HD  (104  mg/L  or  a  ratio  of  0.36  mg-agent/g-concrete)  and  contact  times 
of  360,  2070,  4320,  and  4710  min  (0.25,  1.44,  3.00.  and  3.27  days). 


*  This  coverage  was  used  in  previous  decontamination  tests  (see 
Appendix  V  of  the  main  report). 
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4. 1.1. 2  Experimental  Results.  Experimental  results  are  sum¬ 
marized  in  Table  3.  These  results  are  expressed  in  terms  of  percent  of 
the  original  agent  remaining  at  each  sampling  interval.  This  means  of 
expressing  results  facilitates  comparison  of  results  among  agent  concen¬ 
trations.  Values  in  Table  3  which  are  greater  than  100  percent  agent 
remaining  may  indicate  that  hexane  evaporation,  in  excess  to  that  of  any 
agent  evaporative  losses,  had  occurred.  Evaporative  loss  of  solvent 
would  tend  to  increase  the  concentration  of  agent  in  solution  which 
would  be  reflected  in  an  apparent  increase  in  percent  agent  remaining. 
Subsequent  decreases  in  the  percent  agent  remaining  may  be  due  either  to 
evaporation  of  more  agent  than  solvent  or  to  degradation  by,  for 
example,  hydrolysis  from  absorption  of  water  vapor  from  the  atmosphere. 

As  shown  by  the  data  in  Table  3,  addition  of  concrete  resulted 
in  disappearance  of  agent  from  solution.  This  disappearance  is  most 
dramatic  for  agent  GS,  where  disappearance  appears  to  reach  a  constant 
level  of  less  than  one  percent  remaining  within  30  minutes,  the  first 
sampling  interval  past  addition  of  concrete.  Disapoearance  of  agent  VX 
follows  a  similar  profile  but  displays  greater  sensitivity  to  both 
initial  concentration  and  contact  time.  Agent  HD  appears  to  disappear; 
however,  this  disappearance  is  substantially  slower  and  less  pronounced 
at  higher  initial  concentrations  than  observed  in  the  G3  and  VX 
experiments. 

Because  of  the  relatively  slow  rate  of  HD  disappearance, 
several  experiments  were  conducted  utilizing  longer  contact  times. 
Results  from  these  studies,  presented  in  Table  4,  were  analyzed  assuming 
that  the  disappearance  of  HD  is  a  first-order  chemical  reaction.  This 
assumption  seems  valid  because  of  the  excellent  correspondence  among  the 
calculated  rate  constants  (see  Table  4).  The  average  first  order  rate 
constant  is  2.36  x  19“  min,  which  corresoonds  to  a  half-life  of  2420 
min  (approximately  40  hours).  These  results  seem  indicative  of  a  chemi¬ 
cal  reaction  occurring  between  concrete  and  HD. 

Experiments  in  Subtask  3.1  demonstrated  conclusively  that  con¬ 


crete  influences  the  disapoearance  of  the  chemical  agents  G3,  HD,  and 
VX. 
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TABLE  3.  PULVERIZED  CONCRETE  EXPERIMENTAL  RESULTS 

FOR  INFLUENCE  OF  AGENT  CONCENTRATION  ON  RATE  | 

OF  DISAPPEARANCE  (TEMPERATURE  =  20  C) 


Agent 

Initial  Ratio  _ 

Agent-to-Concrete 

(tng/g) 

Percent  Agent  Remaining  After 

Addition  of  Concrete 

Time  (minutes) (a) 

30  60  120  1440 

Ci 

i 

GB 

No  concrete 

94.7 

96.2 

89.7 

79.0 

0.045 

1.2 

0.8 

1.1 

1.9 

• 

No  concrete 

89.7 

89.6 

90.1 

89.2 

0.18 

1.0 

0.5 

1.1 

1.1 

No  concrete 

99.4 

94.6 

94.3 

36.3 

0.36 

0.9 

0.9 

0.8 

2.1 

1 

• 

No  concrete 

94.1 

98.2 

129(b) 

134(b) 

■ 

1 .8 

0.8 

<0.1 

<0.1 

<0.1 

.  * 

« 

HD 

No  concrete 

98.3 

81.7 

92.6 

32.2 

0.045 

90.6 

36.6 

86.0 

62.4 

» 

No  concrete 

100.5 

100.5 

100.3 

100.3 

0.18 

97.7 

95.8 

90.3 

44.3 

.  ■  1 

No  concrete 

99.6 

99.5 

99.8 

99.7 

A 

0.36 

99.8 

98.3 

93.3 

33.7 

N 

No  concrete 

110(b) 

102.3(b) 

97.1 

93. 0 

1  .8 

102.7(b) 

94.4 

94.6 

85.4 

VX 

No  concrete 

103.0(b) 

100.3 

73.9 

78.4 

0.045 

3,4 

<1.0 

1.8 

<1.0 

* 

No  concrete 

108(b) 

118(b) 

121(b) 

123(b) 

0.18 

3.3 

4.4 

3.9 

4.0 

No  concrete 

103.6(b) 

111(b) 

113(b) 

116(b) 

0.36 

2.3 

1.9 

1.8 

1.7 

t; 

No  concrete 

93.0 

89.8 

38.4 

75.4 

1  .8 

23.3 

12.5 

6.5 

<1.0 

:: 

(a) 

Results  reoorted  for  all  samples  containing  concrete  are 

the 

i 

average  of  duDlicate  runs. 

For  values  where  one  run  was 

below  the 

method  detection  limit,  a 

value  of 

0  percent  was  used  in 

calculating  the  average. 

(b) 

Results  of  greater  than  100  oercent 

agent  remaining  may  indicate 

loss  of  solvent  fhexanel. 
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TABLE  4.  DISAPPEARANCE  OF  HD  ON  EXPOSURE  TO 
PULVERIZED  CONCRETE 


Miri. 

mg/L 

HD  Remaining 

% 

k,  (a) 
min. ‘ ^ 

0 

104(b) 

100 

- 

360 

93.7 

90.1 

2.93  x  10-4 

2070 

57.0 

54.3 

2.91  x  10"4 

4320 

32.2 

31.0 

2.70  x  lO-4 

26.5 

25.5 

2.90  x  10-4 

Avg  3  (2.86  + 

0.11)  x  10-4 

(a)  k  =  In  x  for  first-order  kinetics 

-!<t  ^ 

(A-^  =  AfJ  )  where  (HD)g  3  concentration  at  t  =  0 
(i.e.,  initial  concentration). 


(b)  Equivalent  to  0.36  mg-agent/g-concrete. 
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4.1.2  Influence  of  Temperature  (Subtask  3.2) 

4. 1.2.1  Experimental  Procedures.  Results  from  Subtask  3.1 
were  used  to  select  experimental  conditions  of  contact  time  and  agent 
concentration  to  be  held  constant  such  that  the  influence  of  temperature 
might  be  determined.  Most  experiments  during  this  subtask  were 
conducted  according  to  the  following  protocol: 

(1)  A  single  method  control  (agent  solution  without 
concrete)  plus  five  identical  mixtures  of  agent 
and  concrete  were  used. 

(2)  Duplicate  samples  were  withdrawn  at  contact 
times  of  zero  minutes  and  5  minutes  (G3  onlyl, 

960  minutes  (HD  only),  and  15  minutes  (VX 
only). 

(3)  Samples  were  analyzed  singly  via  GC/FPD. 

(4)  Reaction  temperatures  were  25,  40,  and  55  C. 

(5)  Results  were  expressed  as  percent  remaining 
agent  on  a  comparison  basis,  with  the  method 
control  for  that  same  contact  time  being  used 
for  reference  as  100  percent  remaining. 

(6)  Evaporative  losses  of  solvent  and  losses  of 
agent  with  time  were  estimated  by  comparing  the 
time  zero  samples  with  the  method  control  for 
the  total  contact  period. 

In  response  to  the  experimental  results  several  modifications  to  the 
protocol  were  made.  These  included  evaluation  of  1  and  2  minute  contact 
times  for  G3  and  evaluation  of  OC  reaction  temperature  for  G3  and  VX. 

The  rationale  for  initial  selection  of  the  agent 
concentration,  contact  time,  and  reaction  temperature  is  given  below  for 
each  agent. 

4. 1.2. 1.1  Agent  G3.  Results  from  Subtask  3.1  suggested  that 
GB  disappears  quite  rapidly  at  all  concentrations  studied.  Initially,  a 
contact  time  of  5  minutes  was  used.  An  agent  concentration  of  520  mg/L 
(ratio  of  0.18  mg/g)  was  selected  as  a  sufficiently  high  concentration 
so  that  tp  erature  effects  might  be  observed. 
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4. 1.2. 1.2  Agent  HO.  Results  from  Subtask  B.l  suggested  that 
HD  disappearance  is  significantly  slower  than  that  of  either  G3  or  VX. 

A  contact  time  of  16  hours  (360  minutes)  at  a  concentration  of  52  mg/L 
(ratio  of  0.18  mg/g)  was  selected  to  allow  temperature  effects,  if  any, 
to  be  observed.  Subtask  3.1  results  indicated  that  about  50  oercent  of 
the  original  HD  should  remain  at  this  combination  initial  concentration, 
contact  time,  and  temperature. 

4. 1.2. 1.3  Agent  VX.  Results  from  Subtask  3.1  suggested  that 
Agent  VX  disappearance  is  demonstrably  different  at  the  highest  concen¬ 
tration  than  was  observed  for  the  three  lower  concentrations. 

Therefore,  a  520  mg/L  concentration  was  used  with  a  contact  time  of 

15  minutes  at  25  C.  Based  on  Subtask  3.1  results,  this  combination  of 
concentration,  contact  time  and  temperature  should  result  in 
approximately  50  percent  of  the  VX  to  remain. 

4.1. 2. 2  Interpretation  of  Subtask  3.2  Results.  In  advance  of 
developing  experimental  results  from  the  investigation  of  the  influence 
of  temperature  on  agent  disappearance,  guidance  was  develooed  to  aid  in 
interpretation  of  results.  This  guidance  was  felt  to  be  especially 
useful  in  sorting  out  the  prospect  of  physical  absorption  versus 
chemical  reaction  as  the  mechanism  for  agent  disappearance.  This 
guidance  is  given  below. 

If  Subtask  3.2  results  from  any  agent  indicate  that  the 
percent  remaining  decreases  with  increasing  temperature,  these  results 
would  be  interpreted  as  positive  indication  that  the  disappearance  of 
agent  in  the  presence  of  concrete  is  caused  by  a  chemical  reaction. 

This  interpretation  would  be  consistent  with  the  general  observation 
that  the  rate  of  a  chemical  reaction  is  increased  by  an  increase  in 
temperature.  This  increase  may  be  attributed  to  the  concomitant 
increase  in  collisional  energies  available  to  the  reactant  molecules. 

If  Subtask  3.2  results  indicate  that  the  percent  remaining 
increases  with  increasing  temperature,  these  results  would  be 
interoreted  as  indicative  of  a  physical  mechanism  for  agent 
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disappearance  in  the  presence  of  concrete.  This  interpretation  would  he 
consistent  with  a  sorption  mechanism,  in  which  agent  is  sorbed  by  the 
concrete.  This  sorption  involves  attraction  energies  collectively  known 
as  van  der  Waals  forces.  As  temperature  increases  the  molecular 
vibrational  energies  increase  thereby  allowing  the  weaker  van  der  Waals 
attraction  that  holds  the  molecules  to  the  surfaces  to  be  overcome. 

4. 1.2. 3  Experimental  Results.  Results  from  Subtask  3.2  are 
summarized  in  Table  5.  These  data  are  strongly  indicative  that  the 
interaction  between  agent  and  concrete  is  a  chemical  reaction.  For 
agents  GB  and  VX,  solid  evidence  was  obtained  by  the  decrease  in  percent 
agent  remaining  as  temperature  was  increased.  For  example,  the  data  in 
Table  5  show  the  percent  remaining  for  G3  with  a  2-minute  contact  time 
decreased  steadily  from  76.0  percent  to  6.3  percent  as  the  temperature 
increased  from  0  to  55  C.  Results  for  GB  with  a  5-minute  exposure  time 
demonstrated  complete  loss  of  agent.  Results  for  GB  with  a  1-minute 
contact  time  were  anomalous,  most  likely  due  to  incomplete  mixing  during 
the  extremely  brief  contact  time. 

Results  for  VX  between  25  and  55  C  show  a  similar  pattern  of 
steady  decrease,  from  19.1  to  12.5  to  9.0  percent  remaining.  The  low 
result  for  VX  remaining  at  0  C  (5.5  percent)  may  be  attributed  to  the 
complete  miscibility  of  VX  in  water  at  temperatures  below  the  lower 
consolute  temperature  of  9.4  C.  This  enhanced  solubility  may  in  turn 
enhance  any  hydrolytic  activity  of  VX. 

Results  for  HD  were  less  conclusive  than  they  were  for  GB  and 
VX.  Although  the  percent  remaining  decreases  in  going  from  25  to  40  C, 
it  rose  in  going  to  55  C.  Therefore,  interpretation  of  results  is  less 
strai ghtf orward  in  that  disappearance  of  HD  may  be  a  combination  of  both 
a  physical  adsorption  and  a  chemical  reaction  mechanism. 

4.1.3  Kinetics  of  the  Interaction 

of  VX  with  Pulverized  Concrete  (Subtask  3-3) 

4. 1.3.1  Experimental  Procedures.  Previous  results  from 
Subtask  3  were  used  to  select  the  contact  times  and  agent  concentration 
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TABLE  5.  EFFECT  OF  TEMPERATURE  ON  DISAPPEARANCE  OF  AGENT 
EXPOSED  TO  PULVERIZED  CONCRETE 


Agent 

Initi al 

Concentration, 

mg/L 

Contact 

Time, 

min. 

Temoerature, 

C 

HD 

Remaining, 

Percent 

G8 

580 

5 

25 

*1  (BDLjC  a) 

40 

*1  (BDL) 

55 

- 1  (BDLj 

GB 

520 

2 

0 

76.0 

25 

49.3 

55 

6.3 

GB 

520 

1 

0 

31.5 

25 

46.1 

40 

22.0 

55 

22.9 

HD 

52 

960 

25 

88.6 

40 

33.3 

55 

47.2 

n 

520 

15 

0 

5.5 

25 

19.1 

40 

12.5 

55 

9.0 

(a)  BOL 

=  3e1ow  detection 

limit. 

568 


VI 1-25 


for  examination  of  the  kinetics  of  VX  disappearance  versus  decomposition 
product  formation.  All  experiments  were  conducted  according  to  the 
following  protocol : 


(1)  A  single  agent  control  (agent  solution  without 
concrete),  a  single  interference  control 
(concrete  solution  without  agent),  plus  three 
identical  mixtures  of  agent  and  concrete  were 
used.  A  spike  level  of  0.02  mg  VX/ g  concrete 
was  used. 

(2)  Duplicate  samples  were  withdrawn  at  contact 
times  of  0  minutes,  180  minutes,  420  minutes, 
and  1440  minutes. 

(3)  Samples  were  analyzed  singly  via  8C/FPD  and 
GC/FID. 

(4)  Reaction  temperature  was  25  C. 

(5)  Results  were  expressed  as  percent  agent 
remaining  on  a  comparison  basis,  with  the 
method  control  for  that  same  contact  time  being 
used  for  reference  as  100  percent  remaining. 

(6)  Evaporative  losses  of  solvent  and  losses  of 
agent  with  time  were  estimated  by  comparing  the 
time  zero  samples  with  the  method  control  for 
the  total  contact  period. 


4. 1.3. 2  Experimental  Results.  The  results  from  the  kinetic 
study  are  summarized  in  Table  6.  This  data  again  suggests  that  the 
nteraction  between  agent  and  concrete  is  a  chemical  reaction.  Example 
chromatograms  showing  loss  of  VX  and  formation  of  a  oossible  degradation 
product  with  time  given  in  Figures  3  through  7. 


4.1.4.  Examination  of  Selected  Samples  by 
Gas  Chromatography/Mass  Spectrometry 


4. 1.4.1  Experimental  Procedure.  Selected  samples  from  pul¬ 
verized  concrete  experiments  were  analyzed  by  gas  chromatography/mass 
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TABLE  6.  RESULTS  OF  VX  KINETICS  WITH  CONCRETE 


Dose  Level (a)» 

Agent/Sample  Matrix  mg  agent/g  concrete 

Contact  Time, 
min 

Agent (b) 
in  solution, 
percent 

VX/hexane 

.02 

0 

100 

None/hexane 

.02 

0 

0 

VX/concrete/hexane 

.02 

0 

100 

VX/concrete/hexane 

.02 

0 

100 

VX/concrete/hexane 

.02 

0 

100 

VX/hexane 

.02 

180 

115 

Nane/hexane 

.02 

180 

0 

VX/concrete/hexane 

.02 

130 

3 

VX/concrete/hexane 

.02 

180 

0 

VX/concrete/hexane 

.02 

180 

0 

VX/hexane 

.02 

420 

119 

None/hexane 

.02 

420 

0 

VX/concrete/hex ane 

.02 

420 

0 

VX/concrete/hexane 

.02 

420 

0 

VX/concrete/hexane 

.02 

420 

0 

VX/hexane 

.02 

1440 

107 

None/hexane 

.02 

1440 

0 

VX/concrete/hexane 

.02 

1440 

0 

VX/concrete/hexane 

.02 

1440 

0 

VX/concrete/hexane 

.02 

1440 

0 

(a)  The  pulverized  concrete  samples  weighed  23  grams. 

(b)  ComDared  to  0  minute  exposure. 
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FIGURE  3.  GAS  CHROMATOGRAM 


X/CONCRETE/HEXANE  SAMPLE  AFTER  1440  MINUTES  EXPOSURE 
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spectrometry  (GC/MS).  The  GC/MS  examination  was  directed  toward  identi¬ 
fication  of  potential  degradation  products.  Comparison  with  control 
samples  (agent  that  was  not  exposed  to  concrete  but  was  treated 
similarly)  provided  a  oositive  means  of  ensuring  that  the  degradation 
products  were  due  to  the  presence  of  pulverized  concrete. 

4. 1.4. 2  Experimental  Results.  GC/MS  analysis  of  a  samole 
from  a  VX/pul verized  concrete  exDeriment  produced  positive 
identification  of  diethyl  methyl  ohosphonate  (DEMP): 


CH3  —  P  —  OCN2CH3 
OCH2CH3 

Diethyl  Methyl  Phosohonate  (DEMP) 

DEMP  was  not  present  in  the  control  samples.  Furthermore,  DEMP  was  also 
confirmed  in  the  chemical  concept  evaluations*  samples  for  use  of  steam 
as  a  decontaminant.  The  mass  soectrum  from  which  DEMP  was  identified  is 
given  in  Figure  8. 

Similar  examination  of  GB  and  HD  samples  failed  to  uncover  any 
agent  degradation  products  in  the  GC/MS  analyses.  Although  these 
results  were  disappointing  in  view  of  the  other  evidence  for  a  chemical 
reaction,  inability  to  detect  any  degradation  products  was  not  surpris¬ 
ing  due  to  the  extremely  low  levels  of  such  products  in  the  final  sample 
matrix. 

4.2.  Intact  Concrete  Experiments  (Subtask  C) 

4 . 2.1.  Vapor  Samp ling  of  Intact  Concrete 

4. 2, 1.1.  Experimental  Procedures.**  Intact  1/4-inch  thick 
concrete  coupons  were  dosed  with  neat  agent  in  accordance  with  an  approved 


*  See  Appendix  II  of  the  main  report. 

**  A  detailed  description  of  the  vapor  sampling  aoparatus  is  given  in 
Appendix  V  of  the  main  reoort. 
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SPECTRUM  OF  A  VX/ DULVER I  ZED  CONCRETE  SAMPLE  F 

DIETHYL  METHYL  PHOSPHONATE  (DEMP)  WAS  IDENTI 


Standard  Operating  Procedure  for  Handling  Chemical  Surety  Material.  The 
dosing  level  was  either  0.04S  mg  agent/g  concrete  or  1.8  mg  agent/g 
concrete.  The  spiked  coupon  was  then  allowed  to  stand  in  an  enclosed 
chamber  for  10  minutes  (GB),  120  minutes  (VX,  or  1440  minutes  (HD).  These 
times  were  based  on  pulverized  concrete  data  for  nearly  complete  removal 
of  agent  from  solution.  After  standing  for  the  required  period  of  time, 
the  coupon  was  placed  in  a  vapor  sampling  apparatus  which  was  then  heated 
to  60  C  (140  F).  Heated  air  at  60  C  was  directed  through  the  apparatus 
and  into  an  impinger  train  to  collect  any  volatilized  agent.  In  addition 
to  spiked  coupons,  blanks  (i.e.,  no  agent  present)  were  tested  to  determine 
if  vapor  sampling  concrete  would  affect  the  analytical  procedure.  The 
air  stream  was  sampled  using  impincer-style  bubblers,  which  were  analyzed 
by  enzymatic  assay  method  for  volatilized  nerve  agent  and  gas  chromatography/ 
Hall  electrolytic  detector  for  HD. 

Following  cessation  of  vapor  sampling,  the  dosed  coupon  was 
returned  to  its  container.  The  coupon  was  broken  apart  mechanically  to 
enhance  wettability  and  to  make  the  coupon  more  amenable  to  subsequent 
work-up.  The  concrete  was  transferred  to  a  large  vessel  and  allowed  to 
soak  in  approximately  500  ml  methylene  chloride.  An  aliquot  (100  mL) 
was  removed  after  16-24  hours  of  contact  with  the  concrete,  and  then 
reduced  to  a  final  volume  of  approximately  one  mL.  This  concentrated 
extract  was  analyzed  via  GC/MS  for  agent  and  agent  degradation  products. 

4.2. 1.2.  Experimental  Results.  Results  of  the  intact  coupon 
vapor  sampling  experiments  are  summarized  in  Table  7.  The  following 
fundamental  points  arise  from  these  results: 
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TABLE  7.  RESULTS  OF  INTACT  CONCRETE  VAPOR  SAMPLING 


Agent 

Dose  Level (a) 
mg  agent/ 
g  Concrete 

Neat 

Agent  Spiked 

Agent  Found 
in  Impinger 

(ng) 

Agent 

Concentration^) 
in  Air 
(mg/m3) 

Blank 

(HD)(c) 

0 

0 

<0.0002 

<0.002 

HD 

0.045 

9.5 

<0.0002 

<0.002 

HD 

1.8 

378.5 

<0.0002 

<0.002 

Blank 

(GB) (c) 

0 

0 

0.048 

0.400 

GB 

0.045 

9.5 

0.0022 

0.018 

GB 

1.8 

371.5 

0.0023 

0.019 

Blank 

(VX) (c) 

0 

0 

0.0007 

0.006 

VX 

0.045 

9.4 

0.0040 

0.033 

VX 

1.8 

373.3 

0.0040 

0.033 

(a)  The  intact  concrete  coupon  weighed  from  206.4  to  212.1  gms. 

(b)  Agent  Concentration  =  Agent  found  in  impingers  from  first  sampling  period 
(mg)  divided  by  the  volume  of  air  sampled. 

(c)  An  unspiked  concrete  coupon  was  subjected  to  the  vapor  sampling 
treatment.  The  impingers  were  then  analyzed  for  the  respective  agent. 
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•  HD  was  not  detected  in  any  impinger  sample. 

•  Vapor  sampling  of  unspiked  concrete  caused  inter¬ 
ferences  to  GB  and  VX  determination  by  the 
enzymatic  procedure.  The  interference  may  be  due 
to  entrained  concrete  dust  in  the  sampling  air 
stream. 

•  The  enzymatic  analyzer  showed  positive  responses 
when  sampling  GB  or  VX  contaminated  coupons 
although  the  magnitude  of  the  response  was  inde¬ 
pendent  of  the  dose  level.  This  suggests  that 
the  response  may  have  been  due  to  the  concrete 
rather  than  the  presence  of  GB  or  VX. 


Based  on  these  results,  no  evidence  of  agent  volatilization  at 
60  C  was  seen.  Furthermore,  the  lack  of  specificity  inherent  in  the 
enzymatic  assay  for  nerve  agents  allows  false  positives  to  mask  genuine 
agent  volatilization,  if  it  should  occur.  The  enzymatic  method  cannot 
be  recommended  for  use  in  concrete  structures,  as  the  results  in  Table  5 
demonstrate. 

The  GC/MS  analyses  failed  to  produce  any  evidence  of  either 
agent  or  agent  degradation  products  in  the  concrete  coupon  extracts. 


4.2.2.  HD  Recovery  from  Intact  Concrete 


Results  of  the  agent/concrete  experiments  indicated  that  GB 
and  VX  rapidly  interact  with  concrete.  This  would  lead  to  ambiguity  in 
interpreting  the  results  of  subsequent  concrete  decontamination 
experiments  because  the  effect  of  the  decontamination  treatment  on  the 
nerve  agent  may  be  indistinguishable  from  the  effect  of  the  concrete. 

As  such,  an  inert  material  (i.e.,  unglazed  porcelain)  was  selected  in 
place  of  concrete  for  the  GB  and  VX  decontamination  test.* 

In  contrast  to  GB  and  VX,  significant  amounts  of  HD  were 
extractable  following  contact  times  similar  to  the  duration  of 


*  See  Appendix  V  of  the  main  report. 

580 


VII -37 


decontamination  treatments.  As  such,  further  effects  were  performed  to 
quantify  the  extractability  of  HD  from  concrete  as  a  function  of  contact 
time  and  solvent  type. 

4.2.2. 1  Experimental  Procedures.  Intact  1/4-in.  thick 
concrete  coupons  were  dosed  with  neat  agent  in  accordance  with  an 
approved  Standard  Operating  Proecdure  for  Handling  Chemical  Surety 
Material.  The  dosing  level  was  1.8  mg/g  concrete.  The  soiked  coupon 
was  then  immediately  extracted  or  allowed  to  stand  in  an  enclosed 
chamber  for  1440  minutes.  The  time  of  1440  minutes  was  chosen  as  the 
longest  period  a  coupon  would  be  exposed  for  decontamination  testing. 
After  standing  for  the  required  period  of  time,  the  coupon  was  crushed 
and  extracted.  The  crushing  process  reduced  the  size  of  the  concrete  to 
pieces  each  less  than  1/2-in.  This  was  confirmed  by  passing  the 
material  through  a  ¥24/40  ground  glass  joint.  The  extraction  solvent 
was  either  150  ml  of  hexane  or  methylene  chloride.  The  solvent  extracts 
were  then  analyzed  by  Gas  Chromatograph/Electrolytic  Conductivity 
Detector  (Hall). 


Results  of  the  HD  recovery 


from  intact  concrete  experiments  are  summarized  in  Table  8.  The 


following  fundamental  points  arise  from  these  results: 


•  Greater  than  one  percent  of  the  initial  HD  was 
detected  in  the  sample  after  a  contact  time  of 
1440  minutes. 

•  Assuming  an  HD  recovery  of  one  percent,  a 

99.99  percent  decontamination  efficiency  could  be 
observed  in  subsequent  decontamination  tests. 

The  decontamination  efficiency  is  calculated  as 
follows: 


Decontamination  Efficiency  (%)  =  100  x  {  1-GC  Detection 
Limit  (mg/mt)  [Spiking  Level  (mg  HD)  X  Recovery  Efficiency 
Final  Volume  of  Extract  Following  Concentration  (mil]} 

=  100  x  {  1-0.0001  mg/ml  -r  [378  mg  x  0.01  2  ml]} 

=  99.99% 
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Based  on  the  HD  recovery  data,  it  was  recommended  that  the 
HD/concrete  decontamination  tests  be  conducted.  Other  recommendations 
included  the  use  of 

•  The  extraction  procedure  outlined  in  Section  4. 2. 2.1 

•  A  dose  level  of  1.8  gm  HD/gm  concrete 

•  A  maximum  24  hours  contact  period  between  spiking  the  fresh 
coupons  and  extracting  the  decontaminated  couDons. 


TABLE  8.  RESULTS  OF  INTACT  CONCRETE  SOLVENT  EXTRACTIONS 


Agent 

Solvent 

Dose  Level (a) 
mg  Agent /g 
Concrete 

Neat 

Agent  Spiked 
(mg) 

Exposure 

TimeW 

(min) 

Percent 
Agent  in 
Extract 

HD 

Hexane 

1.8 

378 

0 

30 

HD 

Hexane 

1.8 

378 

0 

22 

HD 

Hexane 

1.8 

373 

0 

33 

HD 

Hexane 

1.8 

378 

1440 

.75 

HD 

Hexane 

1.8 

378 

1440 

.10 

HD 

Hexane 

1.8 

378 

1440 

1.45 

HD 

Methylene  Chloride 

1.8 

378 

0 

57 

HD 

Methylene  Chloride 

1.8 

378 

0 

59 

HD 

Methylene  Chloride 

1.8 

378 

0 

60 

HD 

Methylene  Chloride 

1.8 

378 

1440 

12 

HD 

Methylene  Chloride 

1.8 

378 

1440 

2.0 

HD 

Methylene  Chloride 

1.8 

378 

1440 

1.0 

(a)  The  intact  concrete  coupon  weighed  from  208  to  230  grams  with  an 
average  of  215.6  grams  for  ten  coupons. 

(b)  The  exposure  time  does  not  include  the  estimated  10  minutes  required 
to  crush  coupons. 
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5.0  CONCLUSIONS/RECOMMENDATIONS 


The  inability  to  quantitatively  extract  G8,  VX  and  HO 
following  spiking  onto  concrete  has  been  experimentally  demonstrated  to 
be  caused  by  an  interaction  between  the  agent  and  concrete.  Pulverized 
and  intact  concrete  studies  suggest  that  the  interaction  is  a  chemical 
reaction. 

A  suntnary  of  the  results  from  the  pulverized  concrete  test  is 
given  by  agent  as  follows. 


GB 

•  GB  disappears  /%*om  solution  in  contact  with  pulverized  concrete 
for  a  period  short  as  five  minutes. 

e  The  rate  of  GB  disappearance  is  not  dependent  on  the  aqent  con¬ 
centration  within  the  limits  investigated. 

•  For  a  two  minute  contact  time,  the  rate  of  GB  disappearance  from 
solution  increases  with  an  increase  in  temperature.  This  sug¬ 
gests  that  the  interaction  of  GB  with  concrete  is  a  chemical 
reaction. 

•  GC/MS  analyses  failed  to  identify  GB  degradation  products. 

VX 

•  VX  disappears  from  solution  in  contact  with  pulverized  concrete 
for  a  period  as  short  as  30  minutes. 

t  The  rate  of  VX  disappearance  is  sensitive  to  the  initial  agent 
concentration.  The  initial  rate  of  VX  disappearance  is  substan¬ 
tially  slower  for  a  high  initial  VX  concentration  (1.8  mg-VX/g- 
concrete)  than  for  lower  initial  VX  concentrations  (0.36  mg- 
VX/g-concrete  or  lower). 

•  The  rate  of  VX  disappearance  from  solution  increases  with  an 
increase  in  temperature  between  25  and  55  C.  This  suggests  that 
the  interaction  of  VX  with  concrete  is  a  chemical  reaction. 

•  GC/MS  analyses  identified  DEMP  (diethyl  methyl  phosohonate)  in  a 
sample  from  the  pulverized  concrete  experiments.  DEMP  was  ore- 
viously  shown  to  be  a  VX  degradation  product  from  steam  decon¬ 
tamination. 
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HD 

•  Residual  HD  remains  in  solution  which  is  in  contact  with 
pulverized  concrete  for  a  period  as  long  as  78  hours. 

•  The  rate  of  HD  disappearance  is  sensitive  to  initial  concen¬ 
tration  and  appears  to  follow  first-order  kinetics.  The  half- 
life  of  HD  in  contact  with  pulverized  concrete  at  25  C  is  about 
40  hours. 

•  Inconclusive  results  was  obtained  on  the  temperature  effects  on 
HD  disappearance. 

•  GC/MS  analyses  failed  to  identify  HD  degradation  products. 

A  summary  of  the  results  of  the  intact  concrete  coupon  tests 
is  given  as  follows: 

t  Vapor  sampling  of  unspiked  concrete  coupons  caused  interferences 
to  the  enzymatic  analytical  method  for  GB  and  VX.  The  interfer¬ 
ence  may  be  due  to  entrained  concrete  dust  in  the  sampling  air 
stream.  No  interferences  were  observed  for  analysis  of  HO  by 
the  GC/Hall  detector  techniques. 

e  Vapor  sampling  of  intact  concrete  coupons  which  were  contami¬ 
nated  with  GB  and  then  heated  to  60  C  showed  positive  responses 
from  GB.  However,  the  magnitude  of  the  responses  were  less  than 
that  obtained  when  vapor  sampling  unspiked  concrete  coupons. 

•  Vapors  sampling  of  intact  concrete  coupons  which  were  contami¬ 
nated  with  VX  and  then  heated  to  60  C  showed  positive  responses 
for  VX.  Although  the  magnitude  of  the  responses  was  qreater 
than  that  obtained  when  vapor  sampling  unspiked  concrete 
coupons,  the  magnitude  of  the  responses  were  independent  of  the 
agent  dose  level. 

•  Vapor  sampling  of  intact  concrete  coupons  which  were  contami¬ 
nated  with  HD  and  then  heated  to  60  C  did  not  show  any  Dositive 
responses  for  HD. 

•  Sampling  and  analytical  procedures  were  developed  for  the 
recovery  of  HD  from  intact  concrete  coupons. 


The  data  from  the  fate-of-agent  in  concrete  experiments 
suggests  that  the  decontamination  of  concrete  from  field  structures  and 
facilities  used  to  manufacture/handle  CW  agents,  especially  in  the  case 
of  GB,  may  not  be  required.  The  use  of  agent  protective  and  agent 
impermeable  paints  in  future  agent  facilities,  especially  those  handling 
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nerve  agents,  should  be  reconsidered.  Further  efforts  are  required  to 
v  conclusively  prove  that  the  interaction  between  agents  and  concrete  is  a 

chemical  reaction  through  identification  of  agent  degradation  products. 
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EXECUTIVE  SUMMARY 


This  experimental  study  evaluated  the  ability  of  three  candidate 
chemical  decontaminants  to  decontaminate  specific  unpainted  and  painted  steel 
surfaces  representative  of  construction  materials  selected  for  the  JACADS 
design.  Decontamination  solutions  of  10%  NagCOj  and  1%  NaOH  were  separately 
tested  \  decontaminate  steel  coupons  spiked  with  GB.  A  SX  (off-the-shelf) 
NaOCl  r  jtion  was  tested  to  decontaminate  VX  and  HD.  Five  inch  square 
coupons  of  unpainted  316L  stainless  steel,  unpainted  galvanized  steel, 
Epoliod  G  series  painted  galvanized  steel,  and  Plasite  7122  painted 
galvanized  steel  were  spiked  with  10  mg  of  agent  and  spray  decontaminated  with 
one  of  the  aqueous  solutions. 

Following  decontamination,  the  coupons,  spent  decontamination 
solution  and  chamber  rinses  were  analyzed  for  residual  agent.  Results  suggest 
that  the  JACADS  decontaminants  are  effective  in  that  the  coupons  were  decon¬ 
taminated  to  either  below  the  detectable  limit  or  to  low  levels  of  residual 
agent. 
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TASK  3,  SUBTASK  10 
TEST  REPORT 
On  The 

EVALUATION  OF  CANDIDATE  JACADS  DECONTAMINANTS 
CONTRACT  NO.  DAAK11-81-C-0101 

TO 

UNITED  STATES  ARMY 
TOXIC  AND  HAZARDOUS  MATERIALS  AGENCY 


1.0  INTRODUCTION 

Current  Johnston  Atoll  Chemical  Agent  Demilitarization  System 
(JACADS)  planning  envisions  using  5  percent  aqueous  sodium  hypochlorite 
solution  (NaOCl  -  household  bleach)  as  a  decontaminant  for  HD  and  VX,  and 
either  a  10  percent  aqueous  sodium  carbonate  solution  or  a  one  percent  sodium 
hydroxide  solution  as  a  decontaminant  for  GB.  These  solutions  would  be  used 
for  decontamination  of  the  following  matrices:  (1)  major  spills,  (2)  painted 
concrete  surfaces,  (3)  steel  surfaces,  and  (4)  Demilitarization  Protective 
Ensemble  (DPE)  suit  material.  A  previous  literature  review*  performed  by 
BCL^  indicated  that  knowledge  gaps  exist  in  the  data  base  pertaining  to  the 
adequacy  of: 

t  decontamination  of  wetted  painted  concrete  and  DPE 
smears  contaminated  with  either  HD  or  VX  using  NaOCl 
bleach, 

•  decontamination  of  DPE  smears,  wetted  steel  or  wetted 
painted  concrete  contaminated  with  GB  using 
10  percent  sodium  carbonate, 

•  decontamination  of  wetted  steel  contaminated  with  HD 
using  5  percent  NaOCl, 


*  See  Appendix  A 
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•  correlating  agent  decomposition  data  obtained  in 
vessel  (i.e.,  beakers,  tanks,  etc.  in  which  agitation 
was  employed)  experiments  with  conditions  en¬ 
countered  when  decontaminating  a  major  spill. 

This  study  addresses  knowledge  gaps  pertaining  to  wetted  steel  and 
wetted  painted  steel  contaminated  with  either  GB,  VX  or  HD.  Data  pertaining 
to  the  decontamination  of  DPE  smears  is  given  in  Government  test  reports.^' 


2.0  OBJECTIVE 


The  objective  of  this  experimental  study  was  to  evaluate  the 
following  decontaminants: 

e  5  percent  sodium  hypochlorite  solution  in  water 

(NaOCl)  for  HD  and  VX 

•  1  percent  sodium  hydroxide  solution  in  water  (NaOH) 

for  GB 

t  10  percent  sodium  carbonate  solution  in  water 

(Na2C03)  for  GB. 

These  decontaminants  were  evaluated  by  spray  application  of  the  decontaminant 
solution  to  agent  contaminated  test  coupons.  A  matrix  showing  the  decontami¬ 
nants  versus  test  coupon  type,  is  given  in  Table  1. 


3.0  MATERIALS 


3.1  Agents 


Munition  grade  GB,  VX  and  HD  were  used  in  the  tests  instead  of 
SARM's  because  chemical  stabilizers  make  them  more  difficult  to  decon¬ 
taminate.  Also,  munition  grade  agents  are  more  representative  of  the  type  of 
agent  contamination  that  will  be  encountered  in  the  JACADS  facility. 
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TABLE  1 


JACADS  DECONTAMINATION  TESTS 


Decontaminant 

Agent 

Test  Coupon 

Paint 

5  percent  NaOCl 

HD 

Galvanized  Steel 
Galvanized  Steel 
Galvanized  Steel 

316L  Stainless  Steel 

None  .  , 
Epoloid  5-G5 )£{ 
PPC  No.  7122'“' 
None 

5  percent  NaOCl 

VX 

Galvanized  Steel 
Galvanized  Steel 
Galvanized  Steel 

316  L  Stainless  Steel 

None 

Epoloid  5-G5 

PPC  No.  7122 

None 

10  percent  Na2C03 

GB 

Galvanized  Steel 
Galvanized  Steel 
Galvanized  Steel 

316  L  Stainless  Steel 

None 

Epoloid  5-G5 

PPC  No.  7122 

None 

1  percent  NaOH 

GB 

Galvanized  Steel 
Galvanized  Steel 
Galvanized  Steel 

316L  Stainless  Steel 

None 

Epoloid  5-G5 

PPC  No.  7122 

None 

(a)  Supplied  by  Rowe  Products. 

(b)  Plastic  Protective  Coating  No.  7122  supplied  by  Wisconsin  Protective  Coating. 


VI I 1-4 

3.2  Coupons 


Test  coupons  were  prepared  Prom  stock  22  gauge  galvanized  steel  and 
20  gauge  316  L  stainless  steel.  The  galvanized  steel  conforms  to  ASTM  A446/ 
A446M  specifications. 


3.3  Painted  Coupons 

Painted  test  coupons  were  prepared  using  the  galvanized  steel 
coupons  and  the  following  primer/paints. 

•  Rowe's  Epoloid  7-W-20  Primer/Epoloid  5-G5  Finish. 

•  Wisconsin  Protective  Coating's  Plasite  No.  7100/ 
Anti-Corrosive  Primer/Plasite  No.  7122  Finish. 

The  thickness  of  the  primer  coat  and  the  finish  coat  of  each  of  the 
painted  coupons  was  determined  using  a  micrometer.  For  the  Plasite  coated 
coupons  the  mean  primer  thickness  was  2.95  mils  and  the  mean  thickness  of  the 
finish  coating  was  4.80  mils.  For  the  Epoloid  coated  coupons,  the  mean  primer 
thickness  was  2.46  mils  and  the  mean  thickness  of  the  finish  coating  was 
3.52  mils. 


3.4  Decontaminants 


3.4.1  NaoC03 

Reagent  grade  sodium  carbonate  (Mai linckrodt  #7521)  was  dissolved 
in  distilled  water  to  form  a  10  weight  percent  solution  of  Na2C0j. 

3.4.2  NaOH 


Reagent  grade  sodium  hydroxide  pellets  (Baker  #3722-5)  was 
dissolved  in  distilled  water  to  form  a  one  weight  percent  solution  of  NaOH. 
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3.4,3  NaOCI 

Household  bleach  (i.e.,  Clorox*),  nominally  5%  NaOCI,  was  used  neat 
for  the  NaOCI  solution.  The  solution  was  analyzed  for  available  chlorine  and 
weight  percent  NaOCI  in  accordance  with  ASTM  D2022-64  (1980).  The  solution 
had  2.3  percent  available  chlorine  (4.8  percent  NaOCI). 


4.0  TEST  DESCRIPTION 


Test  Apparatus 


The  proposed  decontaminant  application  system  is  described  in 

Reference  3.  A  decontaminant  solution,  contained  in  a  pressure  vessel 

maintained  at  a  pressure  of  100  psig,  was  directed  through  three  identical 

spray  nozzles.  The  spray  nozzles  were  oriented  such  that  the  spray  from 

each  nozzle  completely  covered  one  of  the  three  test  coupons  (4-inch  circle). 

Each  nozzle  provided  a  spray  of  coarse  water  particles  (150  to 

750  microns  in  diameter)  at  a  flow  rate  of  about  0.24  gpm.  This  flow  rate 

was  maintained  for  a  period  of  from  one  to  two  seconds  for  each  spray 

2 

application.  As  such,  a  coverage  of  about  0.05  gallons/ft  /spray  was 
achieved.  The  spray  application  was  repeated  10  times  at  5-minute  intervals. 
Liquid  from  the  spraying  was  drained  into  sump  and  then  directed  into  a 
common  collection  vessel. 


4.2  Analytical  Baseline  Determination 


Prior  to  performance  of  the  decontamination  tests,  analytical  base¬ 
line  tests  were  performed  to  1)  determine  if  interferences  to  agent  analyses 
result  when  the  coupons  are  extracted  and  2)  determine  the  recovery 
efficiency  of  the  extraction  procedure  (i.e.,  the  amount  of  spiked  agent 
recoverable  by  the  extraction  procedure. 
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The  absence  of  interferences  to  agent  analyses  was  determined  by 
extracting  the  painted  coupons  (no  agent  present).  An  aliquot  of  the  extract 
was  then  analyzed  using  a  gas  chromatograph  equipped  with  a  flame  photometric 
detector  (GC/FPD)  operating  in  either  the  sulfur  mode  (HD)  or  the  phosphorus 
mode  (6B  and  VX).  The  absence  of  peaks  at  the  retention  time  of  the  agent 
would  indicate  that  no  interferences  are  present.  The  detection  limit  of  the 
GC/FPD  for  each  agent  was  0.1  yg/ml. 

Recovery  efficiencies  of  the  extraction  procedure  were  determined 
as  follows.  A  coupon  was  spiked  with  10  mg  munition  grade  HD,  GB  or  VX  using 
agent  diluted  with  hexane.  The  concentrations  of  the  dilute  agent  solutions 
were  1  mg  VX/ml,  2  mg  GB/ml  or  10  mg  HD/ml.  Thus,  in  order  to  spike  the 
coupon  with  10  mg  of  agent,  a  total  of  1  ml  of  dilute  HD  solution;  5  ml  of 

dilute  GB  solution;  or  10  ml  or  dilute  VX  solution  was  applied  to  each  coupon. 
The  solvent  was  allowed  to  evaporate  and  then  the  coupons  were  extracted. 
Each  extract  was  analyzed  for  agent  by  GC/FPD.  This  analysis  was  compared 
with  an  analysis  of  a  solution  by  GC/FPD  containing  a  known  concentration  of 
agent  which  would  be  equivalent  to  that  obtained  if  100  percent  of  the  agent 
spiked  on  the  coupon  could  be  recovered  by  extraction  (i.e.,  100  percent 
recovery).  The  recovery  efficiency  was  then  calculated  as  follows. 

Recovery  efficiency  -  ^/FJD.  .«■#  area  from  c°“P°n  ex.tr.?.Pt 

GC/FPD  agent  peak  area  from  100  percent  recovery 


4.3  Decontamination  Test  Procedure 


4.3.1  GB/10  Percent  Na^CO-p 

For  the  first  series  of  experiments  three  coupons  clamped  in  coupon 
holders  were  each  spiked  with  10  mg  of  GB.  The  coupon  holders  were  bolted 
into  the  test  chamber  and  the  chamber  lid  was  secured.  The  coupons  were  then 
sprayed  ten  times  at  five  minute  intervals  with  ten  percent  ^COj  solution. 
The  spray  was  maintained  for  one  to  two  seconds  during  each  interval.  At 
completion  of  spraying  about  20  ml  of  decontaminant  solutio*n/mg  agent/coupon, 
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the  spent  solution  in  the  sump  was  collected  and  the  coupons  were  removed  from 
the  test  chamber  for  analysis.  The  entire  chamber  was  then  rinsed  with 
isopropyl  alcohol  and  hexane.  The  rinses  were  collected  for  analysis.  The 
rinses  and  the  sump  were  analyzed  to  determine  If  undecomposed  agent  was 
physically  removed  from  the  coupons  by  the  spray. 

The  decontaminated  coupons  were  individually  extracted  by  immersion 
in  50  mis  of  hexane  for  about  five  minutes.  The  hexane  was  collected  and  then 
concentrated  to  one  ml  using  a  Kuderna-Danish  evaporative  concentrator.  The 
concentrate  was  analyzed  using  a  GC/FPD  operating  in  the  phosphorus  mode. 
Standard  solutions  containing  known  concentrations  of  GB  (i.e.,  0.1,  1  and 
10  ppm)  were  analyzed  before  and  after  the  coupon  extracts.  This  was  done  to 
1)  prepare  calibration  curves,  2)  determine  that  the  instrument  was 
functioning  properly  and  that  the  sensitivity  had  not  changed  during  the 
analyses  and  3)  identify  the  detection  limit  of  the  instrument,  as  such,  the 
calibration  curves  provided  assurances  for  quantitative  analysis  of  agent  in 
the  sample. 

The  isopropyl  alcohol/hexane  rinses  were  concentrated  and  analyzed 
using  the  same  method  described  for  the  coupon  extracts. 

Sumps  samples  were  extracted  with  hexane  in  a  two  liter  separatory 
funnel.  The  hexane  was  then  concentrated  and  analyzed  using  the  same  method 
described  for  the  coupon  extracts. 

4.3.2  GB/1  Percent  NaOH 

The  test  procedure,  extraction  and  analysis  methods  for  the  experi¬ 
ments  involving  one  percent  NaOH  as  a  decontaminant  for  GB  were  identical  to 
the  procedures  described  in  Section  4.3.1, 

4.3.3  HD/5  Percent  NaOC  1_ 

The  test  procedure,  extraction  and  analytical  methods  for  the  ex¬ 
periments  involving  five  percent  NaOCl  solution  as  a  decontaminant  for  HD  were 
similar  to  the  procedures  described  in  Section  4.3.1.  The  one  ml  concentrate 
was  analyzed  using  a  gas  chromatograph  equipped  with  a  flame  photometric 


VIII -8 


detector  (6C/FP0)  operating  in  the  sulfur  mode.  Standard  solutions  con¬ 
taining  known  concentrations  of  HO  (i.e.,  0.1,  1  and  10  ppm)  were  analyzed 
before  and  after  the  coupon  extracts. 

The  Isopropyl  alcohol/hexane  rinses  were  concentrated  and  analyzed 
using  the  same  method  described  for  the  coupon  extracts. 

The  sump  samples  were  analyzed  as  follows.  Prior  to  extraction,  the 
residual  NaOCl  in  the  spent  solution  collected  from  the  sump  was  neutralized 
using  a  3  molar  sodium  arsenite  solution.  For  each  50  ml  of  sump  solution, 
10.3  ml  of  3  molar  NaAsOg  solution  and  17  ml  of  2.0  N  NaOH  solution  were 
added.  The  neutralized  solution  was  extracted  with  hexane  in  a  two  liter 
separatory  funnel.  The  hexane  was  then  concentrated  and  analyzed  using  the 
same  method  described  for  the  coupon  extracts. 


4.3.4  VX/5  percent  NaOCl 

The  test  procedure,  extraction  and  analytical  methods  for  the  ex¬ 
periments  involving  five  percent  NaOCl  as  a  decontaminant  for  VX  were  similar 
to  the  procedures  described  in  Section  4.3.3.  The  primary  difference  was  that 
all  glassware  used  for  the  VX  analyses  was  pretreated  with  a  silylating  agent 
( RE JUV-8* )  prior  to  use. 

Also,  the  GC/FPD  was  operated  in  the  phosphorus  mode  for  the  VX  analyses. 

5.0  RESULTS/ DISCUSS  I ON  OF  RESULTS 


5.1  Baseline  Analytical  Determination 

Each  of  the  four  coupon  types  (i.e.  UGS,  USS,  PE5,  PPS)*  were 
extracted  (no  agent  was  spiked)  using  hexane.  Analyses  of  the  extracts  by 
GC/FPD  in  the  phosphorus  and  sulfur  modes  indicated  no  interferences  are 
present  for  determination  of  HD,  GB  and  VX. 

*  UGS  =  Unpainted  Galvanized  Steel,  USS  =  Unpainted  Stainless  Steel,  PES  = 
Painted  Epoloid  Galvanized  Steel,  PPS  =  Painted  Plastite  Galvanized  Steel. 
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Recovery  efficiencies  (i.e.,  the  amount  of  spiked  agent  that  can  be 
recovered  by  extraction)  for  each  of  the  four  coupon  types  spiked  with  HD,  GB 
or  VX  are  given  in  Table  2,  The  results  indicate  that  the  agents  can  be 
efficiently  extracted  from  each  of  the  four  types  of  test  coupons.  The 
recovery  efficiencies  were  used  to  calculate  residual  agent  on  decontaminated 
coupons  by  the  following  expression: 

Residual  Agent  on  Decontaminated  Coupons  (mg)  =  °f..pC  Analysis^mg^ 

Recovery  Efficiency 


5.2  GB/10%  Na2C03  Decontamination  Test  Results 

Coupon  decontamination  results  from  the  experiments  in  which  ten 
percent  Na2C03  solution  was  sprayed  on  UGS,  PES,  USS  and  PPS  coupons  con¬ 
taminated  with  GB  are  given  in  Table  3.  The  results  suggest  that  10  percent 
Na2C03  solution  is  an  effective  decontaminant  for  GB  on  these  materials. 
Effectiveness  was  demonstrated  by  the  low  or  less  than  detectable  levels  of 
agent  remaining  on  the  coupons  following  the  decontamination  treatment. 

Analyses  of  the  sump  liquid  and  rinses  from  the  Na2C03  decontami¬ 
nation  experiments  (See  Table  4)  suggest  that  if  undecomposed  GB  was  physi¬ 
cally  removed  from  the  spiked  coupons  by  the  spray  application  of  the  Na2C03 
solution  it  was  destroyed  before  analysis  could  be  performed. 

An  important  observation  made  during  the  GB  decontamination  tests 
whic'  may  impact  on  the  selection  of  a  decontaminant  for  GB  was  that  a  thick 
powdery  film  formed  on  all  exposed  internal  surfaces  of  the  test  chamber 
(including  the  coupons)  during  experiments  with  Na2C03  solution.  Repeated 
attempts  to  remove  the  film  by  water  wash  were  not  successful.  Complete 
removal  was  achieved  only  by  washing  with  dilute  sulfuric  acid  solution. 

5.3  GB/1%  NaOH  Decontamination  Test  Results 


Coupon  decontamination  results  from  the  experiments  in  which  one 
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TABLE  2.  AGENT  RECOVERY  EFFICIENCIES  FROM  SPIKED  COUPONS  BY  THE  EXTRACTION  METHOD 


Agent 

Coupon. 

Type13' 

Experimental 

Recovery 

Efficiencies 

Average  Recovery 
Efficiency 

HO 

UGS 

1.00 

1.00 

1.00 

USS 

1.00 

1.00 

1.00 

PES 

0.998 

0.999 

1.00 

PPS 

0.98 

0.98 

0.99 

GB  UGS  0.75  0.75 

0.76 

USS  1.00  1.00 

1.00 

PES  0.76  0.72 

0.68 

PPS  0.84  0.87 

0.90 

VX  UGS  1.00  0.85 

0.71 

USS  0.88  0.93 

0.99 

PES  0.90  0.90 

0.90 
0.94 


PPS 


0.93 


TABLE  3.  COUPON  DECONTAMINATION  RESULTS  (GB/NaOH,  GB/Na-COj 
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TABLE  4.  SUMP/RINSE  ANALYSES  FROM  THE  12  JACADS  EXPERIMENTS 


Experiment 

Numbers 

Agent 

Decontaminant 

Agent  Found 
in  Sump  (mg) 

Agent  Found 

In  Chamber 
Rinses  (mg) 

1 

GB 

IX  NaOH 

<0.0001(a) 

<0.0001 

2 

GB 

IX  NaOH 

<0.0001 

<0.0001 

3 

GB 

IX  NaOH 

<0.0001 

<0.0001 

4 

GB 

10X  Na2C03 

<0.0001 

<0.0001 

5 

GB 

10X  Na2C03 

<0.0001 

<0.0001 

6 

GB 

10X  Na2C03 

<0.0001 

<0.0001 

7 

HD 

5X  NaOCl 

<0.0001 

0.00072 

8 

HD 

5X  NaOCl 

<0.0001 

<0.0001 

9 

HD 

5X  NaOCl 

(b) 

0.00013 

10 

VX 

5X  NaOCl 

<0.0001 

0.002 

11 

VX 

5X  NaOCl 

<0.0001 

0.0005 

12 

VX 

5X  NaOCl 

<0.0001 

<0.0001 

percent  NaOH  solution  was  sprayed  on  UGS,  PES,  USS  and  PPS  coupons  contami¬ 
nated  with  GB  are  given  in  Table  3.  The  results  suggest  that  1  percent  NaOH 
solution  Is  an  effective  decontaminant  for  these  materials.  Effectiveness 
was  demonstrated  by  the  low  or  less  than  detectable  levels  of  agent  remaining 
on  the  coupons  following  the  decontamination  treatment. 

Analyses  of  the  sump  liquid  and  rinses  from  the  NaOH  decontami¬ 
nation  experiments  (See  Table  4)  suggest  that  if  undecomposed  GB  was  physi¬ 
cally  removed  from  the  spiked  coupons  by  the  spray  application  of  the  NaOH 
solution  it  was  decomposed  in  the  sump  before  analysis  was  performed. 

In  contrast  to  the  Na2C02  experiments,  no  film  was  formed  on  the 
exposed  interval  surfaces  of  the  test  chamber  during  the  NaOH  experiments. 

5.4  HO/5%  NaOCl  Decontamination  Test  Results 


Coupon  decontamination  results  from  the  experiments  in  which  five 
percent  NaOCi  solution  was  sprayed  on  UGS,  PES,  USS  and  PPS  coupons  contami¬ 
nated  with  HD  are  given  in  Table  5.  The  results  suggest  that  5  percent  NaOCl 
solution  is  an  effective  decontaminant  for  these  materials.  Effectiveness 
was  demonstrated  by  the  low  or  less  than  detectable  levels  of  agent  remaining 
on  most  of  the  coupons  following  the  decontamination  treatment.  An  exception 
is  in  Experiment  Number  8  in  which  0.1  mg  of  HD  was  found  on  the  PES  coupon 
following  decontamination  (as  compared  with  10  mg  initially  spiked). 

Analyses  of  the  sump  liquids  from  the  NaOCl/HD  decontamination  ex¬ 
periments  (See  Table  4)  suggest  that  if  undecomposed  HD  was  washed  from  the 
coupons  and  collected  in  the  sump  it  was  decomposed  before  analyses  was 
completed.  However,  undecomposed  HD  was  found  in  the  chamber  rinses  from 
Experiments  7  and  9.  This  suggests  that  a  potential  exists  for  contaminating 
previously  clean  surfaces  with  HD  during  decontamination  by  spraying  NaOCl 
solution. 

An  important  observation  made  during  the  NaOCl  experiments  which 
may  impact  on  the  selection  of  a  decontaminant  for  HD  and  VX  was  that  all 


unpainted  surfaces*  exposed  to  NaOCI  became  slightly  corrooed.  Corrosion  was 
observed  in  each  of  the  experiments  which  lasted  approximately  one  hour.  The 
supply  vessel,  test  chamber  and  ancillary  tubing  were  thoroughly  cleaned 
following  each  NaOCI  experiment  by  washing  with  dilute  acid  followed  by 
several  water  rinses. 

5.5  VX/5%  NaOCI  Decontamination  Test  Results 

Coupon  decontamination  results  from  the  experiments  in  which  five 
percent  NaOCI  solution  was  sprayed  on  UGS,  PES,  USS  and  PPS  coupons  contami¬ 
nated  with  VX  are  given  in  Table  5.  The  results  suggest  that  5  percent  NaOCI 
solution  is  an  effective  decontaminant  for  these  materials.  Effectiveness 
was  demonstrated  in  that  all  of  the  test  coupons  were  decontaminated  to  be>ow 
the  detectable  limit  of  the  extraction  method,  equivalent  to  a  104  or  greater 
reduction  of  the  agent  contamination. 

Analyses  of  the  sump  liquids  from  the  NaOCI /VX  decontamination  ex¬ 
periments  (See  Table  4)  suggest  that  if  undecomposed  VX  was  washed  from  the 
coupons  and  collected  in  the  sump  it  was  decomposed  before  analysis  was 
performed.  However,  undecomposed  VX  was  found  in  the  test  chamber  rinses  from 
experiments  10  and  11.  The  data  suggests  that  in  this  configuration  contami¬ 
nation  of  previously  clean  surfaces  with  VX  during  spraying  may  occur. 


6.0  CONCLUSIONS 


Decontamination  tests  involving  spray  application  of  either 
10  percent  Na2C03  solution  or  one  percent  NaOH  solution  on  GB  contaminated 
coupons  and  spray  application  of  5  percent  NaOCI  solution  on  either  HD  or  VX 
contaminated  coupons  were  performed.  Results  suggest  that  the  decontaminants 


*  The  NaOCI  solution  supply  vessel  was  composed  of  400  series  stainless 
steel.  The  test  chamber  and  ancillary  tubing  was  composed  of  304L  stain¬ 
less  steel . 
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effectively  decontaminated  unpainted  316L  stainless  steel,  unpainted 
falvanized  steel,  Epoloid  painted  galvanized  steel  and  Plasite  pain¬ 
ted  galvanized  steel  contaminated  with  HO,  GB  or  VX.  Effectiveness 
was  demonstrated  by  the  low  or  less  than  detectable  levels  of  agent 
remaining  on  the  coupons  following  the  decontamination  treatment. 


7.0  REFERENCES 


(1 )  See  Appendix  A. 

(2)  CAMDS  Test  Report  #46-12,  December  20,  1983  and  CAMDS  Test  Report 
#32-10,  February  28,  1983. 

(3)  "Task  3,  Subtask  5  Test  Report  on  Stainless  Steel  Surface  Decontamination 
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APPENDIX  A 
LITERATURE  REVIEW 

The  literature  searches  which  were  performed  to  determine  the 
existing  data  base  included  (1)  a  search  of  the  abstracts  and  papers  obtained 
from  Phase  I  efforts  under  Contract  No.  DAAK11-81-C-0101*,  and  (2)  a  DTIC 
search  focusing  on  hypochlorite  and  carbonate  decontaminants.  Abstracts 
and  papers  identified  in  these  searches  were  then  reviewed  for  pertinent 
papers  or  abstracts,  i.e.,  those  in  which  actual  decontamination  data  for 
the  decontaminants  of  interest  were  reported.  In  the  case  of  decontamination 
with  sodium  hypochlorite,  the  search  was  expanded  to  include  decontamination 
with  solutions  of  either  NaOCl ,  CaCOCl)^.  or  HTH  (high  test  hypochlorite) 
since  the  reaction  mechanism  involving  the  OCl"  ion  would  likely  be  the  same 
in  each  case.  However,  the  search  did  not  include  either  STB  (supertropical 
bleach)  or  other  hypochlorite-based  slurries  since  the  mechanism  by  which  a 
slurry  decontaminates  is  probably  different  from  the  mechanism  by  which  an 
aqueous  solution  decontaminates. 

Literature  Review  Results 


Table  A-l  summarizes  the  existing  data  base  obtained  from  the 
literature  review.  A  brief  summary  of  the  excerpts  follows. 

HD 

Lewis  (1381)  showed  that  Cl oro^ resulted  in  85  percent  decomposition 
of  mustard  in  15  minutes.  However,  maintaining  HD  in  contact  with  Cloroi^ 
for  longer  times  (i.e.,  six  hours)  did  not  increase  the  percent  decomposition 
of  HD. 

Anonymous  (1971)  demonstrated  that  a  10  percent  HTH  solution 
decomposed  HD  resulting  in  a  decrease  of  HD  concentration  from  an  initial 
20,000  ppm  to  a  final  concentration  of  0.2  ppm. 


& 


£/ 


If.- 


*  See  "Development  of  Novel  Decontamination  Techniques  for  Chemical  Agents 
(GB,  VX,  HD)  Contaminated  Facilities",  by  H.  M.  Grotta  et  al ,  Volume  I, 
AD-B073  052L,  February  1983,  for  a  complete  list  of  data  bases  searched  in 
Phase  I. 
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TABLE  A-l.  SUMMARY  OF  EXISTING 
DECONTAMINANT  DATA 
BASE 


— ^Agent 

Type  of  Spi 1 T  ' — 

HD 

(5/6  Bleach) 

GB 

(10%  Carbonate) 

vx 

(5%  Bleach) 

DPE  Smear 

Wetted  Steel 

Surface 

(2) 

Wetted  Painted 
Concrete  Surface 

Major  Spill 

x<’> 

x<’> 

x'» 

(I)  Assumes  data  from  experiments  performed  in  mixed  reactors 
(e.g.,  beakers)  can  be  correlated  to  decontamination  of 
major  spills. 


(2)  Data  on  the  decontamination  of  painted  steel  with  an  aqueous 
Ca(0Cl)2  solution  has  been  reported  [Miller  (1964),  Hott 
(1965)]. 
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VX 


Anonymous  (1971)  demonstrated  that  a  10  percent  HTH  solution  decomposed 
VX  resulting  in  a  decrease  of  VX  concentration  from  an  initial  20,000  ppm  to 
below  the  detectable  limit. 

Miller  (1964)  used  a  5  percent  Ca (0C1 )g  solution  to  decontaminate 
wetted  painted  steel  contaminated  with  VX.  Destruction  efficiencies  are  given 
in  the  confidential  report. 

Hott  (1965)  reported  that  an  aqueous  Ca(0Cl ) ^  solution  resulted  in 
decontamination  of  wetted  painted  steel  contaminated  with  VX  to  below  the 
detectable  limit. 

Thomas  (1977)  indicated  that  a  10  percent  aqueous  solution  of  HTH 
achieved  greater  than  99  percent  destruction  efficiencies  of  VX  when  the  molar 
ratio  of  Ca(0Cl)2  to  VX  was  7.3  to  1. 

GB 


Anonymous  (1971)  showed  that  a  10  percent  solution  of  sodium  carbonate 
resulted  in  the  decomposition  of  GB  to  a  final  composition  of  about  0.004  ug/ml . 

Torrisi  (1977)  indicated  that  the  half  life  of  GB  in  a  10  weight 
percent  aqueous  solution  of  Na2C03  was  about  15.6  seconds.  The  final  GB  concen¬ 
tration  in  solution  was  found  to  be  less  than  5  nanograms/ml. 

Davis  (1977)  performed  kinetic  experiments  on  the  destruction  of  GB 
by  aqueous  NagCO^  solution.  The  half  life  of  GB  in  Na^CO-j  solution  was  deter¬ 
mined  to  be  8.45  +  0.51  seconds. 

Discussion  of  Results 


In  general,  little  information  was  located  on  decontamination  of  the 
specific  matrices  of  interest  (e.g.,  painted  concrete)  with  hypochlorite  solu¬ 
tions  (HD  and  VX)  or  sodium  carbonate  solutions  (GB).  However,  if  it  is  assumed 
that  agent  decomposition  data  obtained  in  well-mixed  vessels  simulates  the 
condition  encountered  when  decontaminating  major  spills,  then  the  major  spill 
category  of  Table  1  can  be  completely  filled  (i.e.,  sufficient  data  exists). 
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The  potential  problem  in  extrapolating  vessel  data  to  decontamination  of  spills 
is  the  mass  transfer  limitations  which  may  occur  as  a  result  of  incomplete 
mixing  of  the  decontaminant  with  the  agent  spill.  For  example,  since  HD  has  a 
low  solubility  in  water,  the  decomposition  of  HD  by  an  aqueous  hypochlorite 
solution  is  probably  a  heterogeneous  (i.e.,  two-phase)  reaction.  As  such,  the 
reaction  rate  will  be  affected  by  mass  transfer  of  the  decontaminant  (OCT  ion) 
from  the  aqueous  phase  to  the  HD  phase.  A  much  lower  reaction  rate  and,  possibly, 
decontamination  effectiveness,  may  result  if  the  decontaminating  solution  is 
not  sufficiently  mixed  with  the  agent  spill.  Mixing  must  be  considered  when  the 
method  by  which  the  decontaminant  is  applied  to  the  spill  is  specified.  Another 
consideration  is  that  the  hypochlorite  solution  may  cover  the  agent  spill  and 
give  a  false  reading  of  complete  decontamination  if  air  sampling  is  the  method 
used  to  determine  decontamination  effectivness.  It  is  also  important  to  note 
that  the  minimum  amount  of  hypochlorite  required  for  decontamination  is  dependent 
on  the  available  chlorine  content  of  the  solution.  A  10  weight  percent  HTH* 
solution  used  in  several  of  the  reported  experiments  contains  about  7  percent 
available  chlorine  whereas  a  5  weight  percent  NaOCl  solution  contains  only 
about  2  percent  available  chlorine. 

Other  than  for  major  spills,  the  only  other  category  for  which  decon¬ 
tamination  data  is  available  is  for  decontamination  of  wetted  steel  contaminated 
with  VX  [Miller  (1964),  Hott  (1965)].  Although  the  experiments  were  performed 
using  wetted  painted  steel,  it  is  anticipated  that  similar  decontamination  effi¬ 
ciencies  would  be  obtained  for  wetted  unpainted  steel.  The  results,  however, 
may  not  apply  to  decontamination  of  painted  concrete  because  in  the  case  of 
concrete,  agent  may  permeate  through  the  paint  layer  and  into  the  porous  concrete 
matrix. 


Knowledge  Gaps 

Based  on  the  literature  review,  the  knowledge  gaps  that  exist  in  the 
data  base  include  the  adequacy  of: 


*  HTH  typically  contains  65  to  70  percent  available  chlorine. 
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•  decontamination  of  wetted  painted  concrete  and  DPE  smears 
contaminated  with  either  HD  or  VX  using  NaOCl  bleach, 

•  decontamination  of  DPE  smears,  wetted  steel  or  wetted  painted 
concrete  contaminated  with  GB  using  10  percent  sodium  carbonate, 

•  decontamination  of  wetted  steel  contaminated  with  HD  using  5  per 
cent  NaOCl , 

•  correlating  agent  decomposition  data  obtained  in  vessel  experi¬ 
ments  with  conditions  encountered  when  decontaminating  a  major 
spill . 

Other  than  determining  the  feasibility  of  correlating  the  vessel 
experiments  with  a  major  spill,  experimentation  is  required  to  address  the 
knowledge  gaps.  A  review  of  the  procedures  by  which  the  decontaminating  solu 
tions  are  applied  to  major  spills  may  allow  determination  of  the  feasibility 
of  correlating  the  vessel  data  with  major  spills. 
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Executive  Summary 


The  utility  of  the  extraction/gas  chromatography  method  of 
analysis  for  determining  residual  HD,  GB,  or  VX  in  or  on  matrices 
representative  of  those  found  in  agent  contaminated  structures  has  been 
demonstrated  during  this  research  and  development  program.  It  has  been 
used  instead  of  the  air  sampl ing-impinger/colorimetric  enzyme  method  of 
analysis  currently  accepted  by  the  Army.  The  extraction  procedure  proved 
to  be  rapid  and  was  reliable  enough  to  demonstrate  the  effectiveness  of 
various  substrate  decontamination  concepts.  This  report  summarizes  the 
development  of  the  analytical  methodology  used  in  support  of  Task  3. 
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to 
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1.0  INTRODUCTION 


1.1  Goals  of  the  Novel  Processing  Technology  Program 

The  Novel  Processing  Technology  Program  was  undertaken  with 
the  objective  of  demonstrating  the  effectiveness  of  various  decontamination 
concepts  for  the  destruction/removal  of  contamination  found  in  Army  struc¬ 
tures  and  facilities.  In  Task  3  the  contaminants  of  concern  were  the 
chemical  agents  GB,  VX,  and  HD.  The  substrates  to  be  decontaminated  were 
stainless  steel,  mild  steel  (painted  and  unpainted),  concrete  (painted 
and  unpainted),  and  unglazed  porcelain.  The  decontamination  concepts 
being  evaluated  are  based  on  thermal  and  chemical  reaction  processes. 
The  chemical  decontamination  methods  were  also  screened  for  their  reaction 
products. 

The  analytical  methodology  development  work  was  performed  in 
support  of  experimental  activity.  The  decontamination  concept  development 
tasks  were  driven  by  the  need  to  demonstrate  at  least  99.9  percent  removal 
of  agent  from  a  substrate  so  that  the  concept  decontamination  effectiveness 
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could  be  assessed.  Determination  of  the  minimum  amount  of  agent  that 
had  to  be  spiked  onto  the  substrate  in  order  to  demonstrate  at  least  99.9 
percent  removal  was  dependent  upon  the  detection  limit  of  the  analytical 
method  and  the  demonstrated  recovery  of  the  agent  by  extraction  from  each 
substrate  spiked  at  high  and  low  levels.  Because  the  recoveries  from 
the  various  substrates  were  not  the  same  for  each  agent,  base  line 
experiments  had  to  be  performed.  The  base  line  experimentation  established 
average  recoveries  from  each  substrate  and  determined  the  presence  of 
analytical  interferences  originating  either  from  the  substrate,  the 
decomposition  products  or  the  painted  surface.  In  addition  to  establishing 
recoveries  from  freshly  spiked  substrates,  the  analytical  method  development 
also  had  to  concern  itself  with  recoveries  after  prolonged  period  of  contact 
with  a  potentially  reactive  substrate  such  as  concrete.  The  fate  of  the 
chemical  agents  on  concrete  is  the  subject  of  Subtask  9  and  is  presented 
as  part  of  this  overall  Task  3  report.  Finally  the  analytical  method 
used  in  the  decontamination  studies  had  to  be  reliable  and  rapid.  Gas 
chromatography  methods  using  either  packed  columns  or  capillary  columns 
were  only  as  reliable  as  the  detection  methods  used  to  identify  the  chroma¬ 
tographed  fractions.  Early  in  this  program  flame  ionization  (FID)  and 
later  flame  photometric  (FPD)  detection  methods  (sulfur  or  phosphorus 
mode)  were  used  extensively.  However,  when  there  was  some  uncertainty 
in  the  analytical  results  based  on  retention  time  using  FID  or  FPD,  mass 
spectrometry  was  used  to  confirm  the  results. 


1.2  Analytes  and  Matrices 


The  analytical  method  development  for  Task  3  addressed  the  deter¬ 
mination  of  presence  of  small  amounts  the  chemical  agents  HD,  GB,  and 
VX,  in  a  number  of  matrices. 

The  matrices  encountered  in  chemical  decontamination  screening 
tests  (Subtask  3)  consisted  of  water  (condensed  steam),  monoethanol  amine 
-  water  (50  percent),  ammonia-water  (ammonium  hydroxide),  anhydrous  ammonia, 
and  a  5  percent  aqueous  solution  of  1-octylpyridinium  4-aldoxime  bromide 
(OPAB).  The  procedures  used  to  extract  agent  from  these  matrices  and 
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the  experimental  equipment  is  summarized  in  Section  4,  Subtask 
Methodologies. 

The  matrices  used  in  substrate  decontamination  experiment  in 
Subtasks  5  were  stainless  steel,  and  in  Subtask  6,  painted  mild  steel, 
unpainted  mild  steel,  painted  stainless  steel,  concrete,  and  unglazed 
porcelain  tile.  The  surfaces  were  painted  with  a  green  primer  (Krylon  1346) 
and  forest  green  (Alkyd  paint).  In  the  Subtask  6  studies  and  especially 
those  studies  addressing  the  fate  of  agents  on  concrete,  concrete  coupons 
were  used  that  were  prepared  under  closely  controlled  proportions  of  sand, 
cement,  and  water  and  cured  under  controlled  humidity.  The  1/4-inch  thick 
coupons,  which  contained  no  aggregate,  were  shown  to  be  uniform  in  porosity 
and  weight  (e.g.  average  weight  of  210  g  with  a  relative  standard  deviation 
of  0.95  percent). 


2.0  OBJECTIVES  AND  SCOPE  OF  THE 
ANALYTICAL  METHOD  DEVELOPMENT 


The  objective  of  the  overall  Novel  Technology  Program  was  to 
screen  concepts  for  their  decontamination  effectiveness.  It  was  a  research 
and  development  program  in  which  the  performance  of  decontamination  concepts 
were  evaluated  on  a  relative  basis.  The  research  and  development  nature 
of  this  work  postponed  any  need  for  the  USATHAMA  Analytical  Branch  to 
certify  the  analytical  methods  employed  throughout  these  evaluations. 
The  Analytical  Branch  did,  however,  review  the  methods  employed  and  approved 
their  use  in  this  research  and  development  program.*  A  comparison  of 
the  analytical  results  from  agent  residues  by  the  extraction  method  used 
in  these  studies  with  the  results  from  a  modified  air-sampling  method 
currently  used  by  the  Army  was  made  at  USATHAMA 's  request. 

3.0  EXPERIMENTAL 
3.1  Materials 

Two  grades  of  chemical  agent  were  used  in  these  studies.  Munition 
grade  agent  was  used  in  all  of  the  decontamination  experiments  and  the 

*  Review  presented  to  Ms.  Robin  L.  Stein  and  Mr.  Andrew  P.  Roach  of 
USATHAMA  at  BCL  on  June  26,  1984. 
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base  line  recovery  experiments.  The  munition  grade  agents  were  compared 
with  SARMS  (PA  796,  PA  1126,  and  PA  1128)  by  gas  chromatography  (GC)  to 
determine  their  purity.  Munition  grade  rather  than  high  purity  agent 
was  selected  for  use  in  these  studies  because  building  contamination  will 
most  likely  have  originated  from  loading  and  handling  of  such  materials. 
They  were  also  considered  to  be  the  worst  case  situation  since  they  contain 
stabilizers  to  inhibit  degradation.  The  structures  of  the  agents  are 
as  follows. 

HD  CI-(chJ2— s— (CH^-CI 

0 

VX  C  H  p  -s-(c  H  2)- N-(c  h(c  h  )2 

OC,Hs 

O 

II 

GB  CHj— P— F 

och(cHj)2 

The  matrices  used  in  the  decontamination  experiments  were 
5-inch  x  5-inch  square  coupons  consisting  of  14-guage  mild  steel,  14-guage 
304  stainless  steel,  1/4-inch  thick  concrete  and  unglazed  porcelain.  Steel 
coupons  were  painted  with  one  coat  of  Krylon  green  primer  No.  1346  (conforms 
to  M1L-P-6585)  and  allowed  to  dry  one  to  three  hours  before  applying  two 
coats  of  forest  green  alkyd  paint  NSN-801 0-00-1 1 1 -7937  (conforms  to  MIL-E-- 
52798A)  allowing  24  hours  for  each  coat  to  dry.  Painted  coupons  were 
cured  for  at  least  two  weeks  prior  to  use.  Details  for  the  preparation 
of  concrete  coupons  are  given  in  the  Task  3  Subtask  4  test  report.  The 
unglazed  porcelain  coupons  were  cut  from  6  x  6  x  1/4-inch  tile  using  a 
tile  cutter.  The  source  was  American-Olean  Tile  manufactured  by  the 
National  Gypsum  Company  and  purchased  through  Fisher  Scientific.  (Catalog 
No.  13-752) 


3.2  Equipment 


The  determination  of  the  amount  of  agent  placed  in/on  or  remaining 
in/on  various  matrices,  required  the  use  of  gas  chromatographs  and  the 
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Technicon  Autoanalyzer.  The  following  are  the  descriptions  of  the  equipment 
used  in  this  work  and  the  rationale  behind  the  changes  in  techniques  to 
Improve  the  detection  limits. 


3.2.1  Subtask  3:  Chemical  Concepts  Preliminary  Screening 


(1)  Varian  Model  3700  GC  was  equipped  with  a  packed  column 
(using  a  3  percent,  SP  2100-DB  on  100/120  Supelcoport)  6 
feet  long,  0.25  inches  0D,  2mm  ID.  The  detector  was  a 
Varian  Flame  Photometric  Detector  (FPD)  that  could  be 
operated  in  the  phosphorus  (S)  mode  for  determining  GB 
and  VX  and  the  sulfur  (S)  mode  for  determining  HD.  Detection 
limit  nf  this  system  is  5  microgram/ml  for  both  GB  and 
VX  and  1  microgram/ml  for  HD. 

(2)  Finnaqen  Model  A  1020  GC/MS  used  electron  impact  as  the 
mode  of  ionization.  The  scan  range  and  cycle  time  was 
40-450  amu/second.  A  fused  silica  capillary  column  coated 
with  DB-5  (30  meters  x  0.025  mm)  was  used  for  GC  separation 
and  mass  spectrometry  (MS)  was  the  detector  used  to  identify 
the  components  in  each  fraction. 


Subtask  5:  Stainless  Steel  Surface  Decontamination  Screening 


(1)  Carlo  Erba  Gas  Chromatograph  equipped  with  a  Flame  Ionization 
Detection  (FID)  system  (for  HD). 

(2)  Hewlett  Packard  Gas  Chromatograph  equipped  with  a  Flame 
Photometric  Detection  (FPD)  system  and  Hewlett  Packard 
Autosampler,  used  in  phosphorus  (P)  mode  (for  GB  and  VX) 
and  sulfur  (S)  mode  (for  HD).  Both  chromatographs  were 
equipped  with  a  30  meter  glass  capillary  column  coated 
with  SE-52  phase.  The  FPD  system  had  a  detection  limit 
of  0.1  micrograms/ml  for  VX,  and  GB  and  1.0  microgram/ml 
for  HD. 
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(3)  Impinger  solutions  used  to  collect  HD  were  analyzed  on 
a  Varian  3700  GC  equipped  with  a  packed  glass  column  (SP 
1000  phase  on  Supelcoport)  6  feet  long,  0.25  inch  00,  2mm 
ID,  and  utilizing  a  Hall  Detector  (electroconductivity 
detection)  system. 

(4)  Impinger  solutions  used  to  collect  VX  or  GB  were  analyzed 
using  the  Technicon  Autoanalyzer  II  (enzymatic  inhibition 
method  using  colorimetric  detection).  The  detection  limit 
for  this  system  is  .1  pg/ml  VX  and  .2pg/ml  GB  but  is 
sensitive  to  interferences. 

3 . 2 .3  Subtask  6:  Steel /Concrete  Decontamination  Tests 


and  Vapor  Sam 


eriments 


(1)  Same  as  those  listed  in  Subtask  5  above. 

(2)  In  addition  a  Varian  3700  GC  using  a  packed  glass  column 

(3  percent  QF1  phase  on  Supelcoport)  6  ft  long,  0.2500, 
2mm  ID  and  equipped  with  FPD  system  was  used  for  GB  and 

VX  determination  at  Battel le's  Hazardous  Materials  Laboratory 
(HML) .  The  detection  limit  for  this  system  is  5 
microgram/ml . 

(3)  Another  Varian  3700  GC  using  a  packed  glass  column  (SP 

1000  phase)  6  ft  long,  0.25  inch  0D,  2  mm  ID  and  equipped 
with  a  Hall  Detector  system  was  used  for  HD  determination 
at  the  HML.  The  detection  limit  for  this  system  is  0.05 
microgram/ml . 

The  experiments  in  Subtask  3,  the  experiments  late  in  Subtask 

6,  and  the  study  on  the  fate  of  agent  on  concrete  (Subtask  9)  were  performed 
in  Battelle's  Hazardous  Materials  Laboratory  (HML)  using  neat  agents. 
Therefore,  spiking  of  matrices  with  agent  could  be  done  at  levels  so  that 
a  99.99  percent  destruction  would  still  leave  sufficient  agent  to  be  within 
the  detection  limit  of  the  packed  column  GC/FPD  systems. 


When  experiments  were  performed  at  Battel le's  Toxic  Substances 
Laboratory  (TSL)  early  in  the  program  (Subtask  5  and  part  of  Subtask  6) 
surety  restrictions  kept  the  spiking  levels  to  0.0001  (or  less)  of  those 
used  at  the  HML.  As  such,  significant  improvements  in  the  sensitivity 
of  the  gas  chromatographic  method  were  needed  to  demonstrate  the  desired 
99.9  percent  destruction  at  these  much  lower  dose  levels.  This  was  accom¬ 
plished  as  part  of  Subtask  5  where  it  was  shown  that  the  desired  sensitivity 
was  attainable  for  standardized  dilutions  of  SARM  HD,  GB,  and  VX  using 
a  30  meter  glass  capillary  column  coated  with  SE-52  phase  (i.e.,  detection 
levels  of  0.1  micrograms/ml  for  HD,  GB,  and  VX). 

3.3  Procedures 

In  both  the  base  line  experiments  demonstrating  recoveries  by 
the  extraction  method  and  the  subsequent  analysis  of  the  decontaminated 
matrices  or  substrates  to  demonstrate  decontamination  effectiveness,  the 
following  proceedures  were  used.  Exceptions  and  special  cases  are  outlined 
as  part  of  the  Subtask  Methodologies  (Section  4). 

3.3.1  Spiking 


Spiking  of  known  amounts  of  agent  on  or  in  various  matrices 

was  performed  using  both  nonsurety  concentrations  of  agent  in  a  solvent 
(hexane  or  methylene  chloride)  and  neat  agent.  The  procedures  used  to 

contaminate  substrates  of  stainless  steel,  mild  and  painted  steel  surfaces 
were  as  follows. 

Performance  of  experiments  in  the  TSL  required  the  use  of  dilute 
solutions  of  agent  at  the  following  maximum  surety  concentrations:  VX  = 
1  mg/ml ,  GB  -  2  mg/ml ,  and  HD  =  10  mg/ml . 

The  dilute  agent  solution  was  applied  incrementally  to  the  coupon 
and  the  solvent  was  allowed  to  evaporate  after  each  increment  in  order 

to  have  a  contaminated  surface  representative  of  field  conditions  (i.e., 

solvent  not  present). 
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The  amount  of  solution  required  to  spike  the  coupon  was  estimated 
as  follows.  Assuming  that  the  solvent  used  to  extract  the  coupon  following 
the  decontamination  treatment  is  concentrated  to  a  volume  of  5  ml  and 
a  total  of  10  microgram  of  agent  is  detectable  by  gas  chromatography  ( GC ) . * 
Therefore,  for  determination  of  a  destruction  efficiency  of  about  99.9 
percent,  a  total  of  10  mg  of  agent  must  be  initially  applied  to  the  coupon. 
A  three  order  of  magnitude  difference  between  initial  and  anticipated 
final  agent  concentration  is  sufficient  to  allow  determination  of 
decontamination  effectiveness.  Higher  destruction  efficiencies  may  be 
extrapolated,  if  desired,  either  from  the  rate  data  obtained  in  the 
experiments  or  if  the  minimum  detection  level  of  the  GC  can  be  lowered 
to  0.1  ug/ml .  Thus,  in  order  to  spike  the  coupon  with  10  mg  of  agent, 
a  total  of  1  ml  of  dilute  HD  solution;  5  ml  of  dilute  GB  solution;  or 
10  ml  of  dilute  VX  solution  must  be  applied  to  and  the  solvent  evaporated 
from  each  coupon.  Each  incremental  application  was  limited  to  just  enough 
to  cover  the  area  to  be  spiked. 

Neat  agent,  rather  than  solutions  of  agent  in  solvents,  were 
used  in  chemical  decontamination  screening  tests,  and  studies  related 
to  porous  substrates  such  as  the  fate  of  agent  on  concrete  and  the  decon¬ 
tamination  of  concrete  and  unglazed  porcelain.  Because  these  efforts 
were  performed  at  the  HML,  larger  amounts  of  agent  could  be  spiked  on 
or  in  to  the  matrices.  This  latitude  provided  the  following  benefits: 
(1)  The  less  sensitive  packed-column  GC/FPD** could  be  used  to  demonstrate 
destruction  efficiencies  of  99.9  percent  and  (2)  greater  precision  of 
the  quanitity  of  agent  dosed  in  to  or  on  to  the  matrices  is  possible  when 
larger  volumes  are  measured  and  dispensed. 

In  the  chemical  concept  prescreening  study,  neat  agent  was  spiked’ 
directly  into  liquid  decontamination  solutions  while  stirring.  The  chemical 
decontamination  prescreening  experiments  employing  vapors  of  anyhdrous 
ammonia,  ammonium  hydroxide  and  water  (i.e.,  gaseous  reactants)  required 
that  a  Teflon  wool  plug  be  spiked  with  10  mg  of  the  agent  being  studied. 

*  Assuming  that  the  minimum  detection  limit  of  GC  for  all  agents  is 
about  2  microgram/ml  for  a  packed  column  GC. 

**  Minimum  detection  limit  of  5  microqram/ml  for  GB  and  VX. 
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3.3.2  Agent  Recovery  by  Extraction  and  Concentration 

The  analytical  methodology  required  that  the  matrices  be  extracted 
with  either  methylene  chloride  or  hexane.  (The  solvents  were  of  spectro¬ 
scopic  purity  purchased  from  Burdick  and  Jackson  Laboratories,  Inc.  of 
Muskegon,  Michigan.)  Since  agent  may  volatilize  during  spiking  or  adsorb 
on  glass  or  metal  surfaces,  experiments  had  to  be  performed  to  determine 
the  amount  of  applied  agent  that  could  be  recovered  by  extraction  after 
a  spiking  sequence.  These  base  line  experiments  provided  recovery 
efficiencies  for  each  type  of  substrate  used  in  the  decontamination 
experiments.  (Similar  extractions  of  uncontaminated  matrices  provided 
samples  for  the  identification  of  any  interferences  that  could  impair 
residual  agent  determination  by  this  methodology.)  Typically  the  50  ml 
of  solvent  containing  the  extract  is  concentrated  to  1  to  5  ml  using  a 
Kuderna-Danish  evaporative  concentrator  prior  to  analysis  by  GC.  Substrates 
spiked  with  neat  agent  were  extracted  with  150  ml  of  solvent  and  the  extract 
usually  analyzed  without  concentration. 


3. 3. 2.1  Nonporous  Coupons.  In  the  base  line  experiments,  various 
coupons  were  spiked  with  10  mg  of  HD,  GB,  or  VX  using  dilute  solutions 
of  the  respective  agent.  After  the  solvent  had  evaporated,  the  coupons 
were  extracted  with  50  ml  of  either  hexane  or  methylene  chloride.  The 
solvent  was  concentrated  to  a  volume  of  one  ml  and  the  concentrate  was 
analyzed  for  agent.  Methylene  chloride  was  not  used  to  extract  painted 
coupons  because  it  softened  the  paint  and  also  extracted  components  from 
the  paint  that  proved  to  interfere  with  agent  analysis  by  GC.  For  painted 
surfaces  hexane  was  used.  Results  of  the  base  line  experiments,  shown 
in  Tables  1  and  2,  are  reported  as  recovery  efficiencies.  Recovery  effi¬ 
ciency  is  the  fraction  of  spiked  agent  recovered  by  extraction.  The  high 
recovery  efficiencies  shown  in  Tables  1  and  2  demonstrate  that  spiking 
coupons  with  dilute  agent  solutions  was  feasible.  The  average  recovery 
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TABLE  1.  AGENT  RECOVERY  EFFICIENCIES  BY  METHYLENE 

CHLORIDE  EXTRACTION  AFTER  SPIKING  STAINLESS  STEEL 
COUPONS  WITH  DILUTE  AGENT  SOLUTIONS 


Solution  Spiked  Extracted  Average 

Spiked  Agent/  Agent/  Recovery 

Agent  (ml)  Coupon  (mg)  Coupon  (mg)  Efficiency* 
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TABLE  2.  AGENT  RECOVERY  EFFICIENCIES  BY  HEXANE 
EXTRACTION  AFTER  SPIKING  ALKYD  PAINTED 
STAINLESS  STEEL  AND  UNPAINTED  MILD 
STEEL  WITH  DILUTE  AGENT  SOLUTIONS 


Agent 

Material 

Recovery 

Efficiency 

Average  Recovery 
Efficiency 

HD 

UM$la* 

0.94 

0.95 

0.94 

HD 

PSS(b) 

0.92 

0.89 

0.90 

GB 

UMS 

0.96 

0.95 

0.95 

GB 

PSS 

0.83 

0.85 

0.85 

0.84 

VX 

UMS 

0.93 

1.00 

0.96 

VX 

PSS 

0.50 

0.57 

0.60 

0.56 

(a)  Unpainted  mild  steel 

(b)  Painted  stainless  steel  (Note:  This  recovery 
efficiency  was  used  for  decontamination  effi¬ 
ciency  calculations  on  both  painted  stainless 
steel  and  painted  mild  steel  coupons). 
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efficiencies,  used  in  subsequent  analyses  to  calculate  the  decontamination 
efficiency,  were  calculated  as  follows: 

Residual  Agent  on 

Decontaminated  Coupon  (mg) 

3. 3. 2. 2  Liquid  and  Porous  Substrates.  These  were  the  experiments 
involving  neat  agent  in  which  liquid  and  gaseous  chemical  decontamination 
reactions  were  screened  for  effectiveness  (Subtask  3)  and  in  which  porous 
substrates  (i.e.,  concrete  and  unglazed  porcelain)  were 
contaminated/decontaminated  (Subtask  6). 

Liquid  or  Gaseous  Reactant  Substrates .  Prior  to  beginning  the  experi¬ 
ments,  several  blanks  and  base  line  experiments  were  performed.  A  blank 
run  with  the  gaseous-reactant  application  apparatus  was  done  by  refluxing 
hexane  through  the  apparatus  containing  the  Teflon  wool  plug.  The  extract 
was  analyzed  b}  GC  for  possible  interferences  to  agent  determination. 

Base  line  experiments  with  the  gaseous-reactant  application  apparatus 
were  done  by  placing  10  mg  of  VX  on  the  Teflon  wool  plug  and  refluxing 
30  ml  of  hexane  through  the  apparatus  for  one  hour.  VX  was  chosen  for 
this  study  because  it  was  known  to  be  the  most  tenacious  (i.e.,  difficult 
to  extract  from  glass)  of  the  three  agents.  The  30  ml  lexane  extract 
was  then  analyzed  for  VX  by  GC  and  the  recovery  was  found  t  >e  108  percent. 
A  second  30  ml  of  hexane  was  then  refluxed  through  the  a ,  aratus  and  two 
aliquots  were  analyzed  by  GC  and  found  to  contain  0.42  pe  ~ent  of  the 
original  spike.  The  Teflon  wool  plug  was  then  removed  from  the  apparatus- 
and  extracted  with  methylene  chloride.  No  agent  was  detectable  in  this 
extract. 

Recovery  efficiencies  of  agent  from  solutions  of  decontaminants  using 
the  procedures  in  Table  3  are  given  in  Table  4.  These  recovery  efficiencies 
represent  the  amount  of  agent  that  can  be  extracted  from  the  decontaminant 
immediately  following  spiking  of  the  solution  with  agent  (i.e.,  time  zero 
samples). 


Result  of  GC  Analysis  (me 
Recovery  Efficiency 
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a)  The  decontaminant  solution  was  spiked  with  agent  while  stirring.  A  sample  was 
Immediately  withdrawn  and  extracted  with  hexane  or  methylene  chloride.  The  extract  was 
then  analyzed  for  agent  using  a  gas  chromatograph  equipped  with  a  flame  photometric 
detector  (GC/FPD).  • 

b)  Recovery  efficiency  (%)  ■  100  x  (Agent  recovered  (mg)  ♦  Agent  spiked  (mg)) 

c)  Average  of  two  analyses. 

d)  Interferences  prevented  the  use  of  the  GC/FPO.  The  samples  were  analyzed  by  a  GC/mass 
spectrometer. 


p 

The  base  line  experiments  indicated  that  extraction  of  either  HD  ■ 

• 

or  GB  from  MEA  required  acidil  ication  to  pH  3  with  acetic  acid  in  order  j 

to  achieve  desirable  recovery  efficiencies.  However,  in  the  case  of  VX,  i 

extraction  from  MEA  was  performed  without  acidification.  The  recovery 

efficiency  of  VX  from  a  50  percent  solution  of  MEA  using  methylene  chloride  1 

was  109  percent  without  acidification  while  only  5.3  percent  of  the  VX 

spiked  was  recovered  upon  acidification. 

i 

Porous  Substrates.  Early  in  Phase  1,  an  effort  was  made  to  demonstrate  ; 

the  utility  of  the  extraction  approach  for  the  analysis  of  agent  on  concrete  " 

« 

(i.e.,  a  method  development).  GB  and  VX  were  found  to  be  unrecoverable 

while  HD  showed  some  potential  for  recovery.  A  study  to  try  to  determine 

the  fate  of  agents  on  concrete  (Subtask  9)  was  undertaken  as  part  of  the  ; 

Phase  2  effort.  The  results  confirmed  earlier  findings  that  the  GB  and 

VX  are  not  recoverable,  while  HD  could  be  partially  recovered.  After  a  ’ 

24-hour  (1440-minute)  period  in  contact  with  concrete,  recovery  of  HD  j 

spiked  into  concrete  coupons  at  a  loading  of  1800  microgram/gram  of  concrete 

(average  weight  10  coupons  was  210  g,  relative  standard  deviation  =  0.95  \ 

percent)  or  378  mg  HD/coupon  was  determined  using  hexane  or  methylene  \ 

i 

chloride  as  extraction  solvents.  The  coupons  were  crushed  to  pass  through  j 

the  neck  of  an  Erlenmeyer  flask  equipped  with  a  %  24/40  ground  glass  joint  ) 

(or  12  mm  opening)  prior  to  extraction.  The  results  of  the  extraction  .  J 

of  three  coupons  shortly  after  spiking  and  three  coupons  24-hours  after  ;■ 

spiking  are  given  in  Table  5  for  each  solvent.  It  can  be  seen  that  j 

methylene  chloride  is  the  better  solvent  of  the  two.  Although  the 

extraction  after  24  hours  is  less  than  desirable,  the  recovery  is  still  ' 

enough  to  demonstrate  99.9  percent  decontamination  because  of  the  high 
spiking  levels.  As  a  worst  case  scenario,  if  only  1  percent  of  the  378  j 

mg  HD  spiked  is  recovered  by  extraction  using  150ml  methylene  chloride, 
then  a  solution  containing  25  micrograms/ml  would  be  analyzed  directly. 

Since  the  detection  limit  for  HD  is  0.05  microgram/ml  by  GC/Hall  Detector, 
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EXTRACTION  RECOVERIES  OF  HD  SPIKED  ONTO  CONCRETE 
FOR  HEXANE  AND  METHYLENE  CHLORIDE 
(Spiking  Level  378  mg/210g  coupon) 
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98.7  percent  destruction  could  be  determined  by  analyzing  the  extract 
directly.  Reduction  of  the  150  ml  volume  of  extractant  to  2  ml  could 
have  yielded  a  solution  with  a  concentration  of  1890  microgram/ml .  Using 
the  same  detection  level,  determination  of  decontamination  efficiencies 
of  99.99  percent  are  possible  if  the  concentration  step  is  incorpor¬ 
ated  into  the  procedure. 

Because  of  the  apparent  reaction  of  GB  and  VX  with  concrete  it  was 
necessary  to  switch  to  a  less  reactive  porous  substrate  in  order  to  demon¬ 
strate  a  decontamination  effectiveness  by  hot  gases,  steam,  and  OPAB 
solution.  Unglazed  porcelain  tile  which  is  not  typical  of  any  structural 
material  found  in  any  of  Battel le's  surveys  of  agent  contaminated  sites, 
was  evaluated  for  reactivity  toward  GB  and  VX  by  the  same  procedure  used 
to  determine  recoveries  from  concrete.  The  recoveries  of  agent  spiked 
on  the  tile  using  hexane  or  methylene  chloride  as  extraction  solvents 
were  determined  shortly  after  spiking  and  after  24  hours.  The  spiking 
level  again  was  1800  microgram/gram  of  concrete.  Since  the  average  weight 
of  10  tiles  was  21 6g,  the  amount  of  neat  agent  spiked  onto  each  tile  was 
388  mg  of  GB  or  VX  per  tile.  Initial  attempts  at  recovering  GB  from  intact 
tiles  was  unsuccessful  (i.e.,  <1  percent  recovery).  When  the  tile  was 
crushed  and  extracted  with  methylene  chloride,  two  coupons  immediately 
after  spiking  and  the  other  two  24  hours  later,  the  amount  of  agent 
recovered  improved.  The  results  are  given  in  Table  6.  The  fact  that 
recovery  of  GB  is  less  than  1  percent  after  1440  minutes  suggests  that 
decontamination  efficiencies  cannot  be  determined  for  GB  in  the  experiments 
requiring  a  period  of  longer  than  10  hours  after  spiking  the  coupon. 
However,  other  performance  measures  on  the  behavior  of  GB  during  early 
periods  of  the  decontamination  experiments  by  hot  gases  or  steam  can  be 
made. 

Results  of  the  experiments  to  determine  recoveries  of  VX  spiked  onto 
unglazed  porcelain  coupons  using  hexane  and  methylene  chloride  are  given 
in  Table  7.  Methylene  chloride  is  the  better  solvent  yielding  recoveries 
of  VX  of  about  20  percent  after  1440  hours.  A  20  percent  survival  of 
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the  VX  spike  after  24  hours  would  mean  that  77.6  mg  of  the  initial  388 
mg  of  VX  had  survived.  The  coupon  was  extracted  in  150  ml  of  methylene 
chloride  to  give  a  concentration  of  517  microgram/ml.  Since  the  detection 
limit  of  GC/FPO  using  a  packed  column  (P  mode)  is  5  microgram/ml, 
decontamination  efficiencies  of  >99.0  percent  could  be  determined.  Again, 
if  the  150  ml  volume  of  extract  were  reduced  to  2  ml  by  concentration 
techniques,  then  the  concentration  of  VX  would  be  38,775  micrograms/ml 
and  a  determination  of  99. *9  percent  destruction  efficiency  is  possible. 

In  several  of  the  porous  substrate  experiments  where  no  agent  was 
detected,  the  extract  was  concentrated  to  either  verify  the  absence  or 
determine  if  a  smaller  amount  were  present  but  not  detectable  in  the  diluted 
extract  solution. 

3.4  Analytical  Equipment 

The  analysis  of  the  decontamination  samples  was  performed  as  previously 
described  for  each  concept.  The  equipment  used  for  the  sample  analysis 
and  the  operating  conditions  at  which  the  data  was  acquired  are  listed 
below: 

•  Instrument  -  Varian  3700  Gas  Chromatograph 
-  Detector  -  Varian  Flame  Photometric  Detector 


-  Gas  Chromatography  Column  -  6  ft  x  1/4  inch  O.P.  x  2  inn  I.D. 
glass  column 

-  Column  Packing  -  SP21Q0  3%  on  Supelcoport 

-  Column  Oven  Conditions  -  135  C  isothermal  for  HD,  190  C  (4 

mir./hold)  program  to  240  C  at  35  C/minute  for  VX;  100  C  (1 

min/hold)  program  to  240  C  at  90  C/minute  for  GB 

-  Agents  analyzed  -  HD,  GB,  VX 

•  Instrument  -  Varian  3700  Gas  Chromatograph 

-  Detector  -  Hall®  700A  Electrolytic  Conductivity  Detector 

-  Gas  Chromatography  Column  -  6  ft  x  1/4  linch  O.D.  x  2  mm  I.D. 
glass  column 
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-  Column  Packing  -  SP1000  10%  on  Supel coport 

-  Column  Oven  Conditions  -  135  C  isothermal 

-  Agents  analyzed  -  HO 

•  Instrument  -  Carlo  Erba  2100  Gas  Chromatograph 

-  Detector  -  Flame  Ionization  Detector 

-  Gas  Chromatography  Column  -  30  meter  x  .25  mm  I.D.  glass 
capillary  column 

-  Column  Phase  -  SE-52  or  equivalent  phase  2-3  micron  film 

thickness) 

-  Column  Oven  Conditions  50  C  (2  min/hold)  program  to  300  C  at 

10  C/min 

-  Agents  analyzed  -  HD,  GB,  VX 

•  Instrument  -  Hewlett  Packard 

-  Detector  -  Tracor  Flame  Photometric  Detector 

-  Gas  Chromatography  Column  -  30  meter  x  .25  mm  I.D.  fused  silica 
capillary  column 

-  Column  Phase  -  SE-52  or  equivalent  phase  203  micron  film 

thickness 

-  Column  Oven  Conditions  50  C  (2  min/hold)  program  to  300  C  at 

10  C/min 

-  Agents  analyzed  -  GB,  VX,  HD 

•  Instrument  -  Finnigan  1010  0WA 

-  Detector  -  Mass  Spectrometer 

Ionization  mode  -  Electron  impact 
Electron  Voltage  -  70  ev 
Scan  Range  -  40-450  amu 
Scan  cycle  time-1  sec 

-  Gas  Chromatography  Column  -  30  meter  x  .25  mm  I.D.  fused  silica 
capillary  column 

-  Column  Phase  -  DB-5  (J&W  column 

2-3  micron  film  thickness) 

-  Column  Oven  Conditions  -  50  C  (2  min/hold)  program  to  300  C 
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at  10  c/min 

-  Agents  Analyzed  -  HD,  GB,  VX 

•  Instrument  -  Technicon®  Autoanalyzer 

-  Detector  -  Colorimeter 

-  Detection  System  -  enzyme  inhibition  of  acetylthiochol ine¬ 
sterase,  bovine  erythrocyte  (ACHE) 

-  Agents  analyzed  -  GB,  VX 

For  all  the  gas  chromatography  techniques,  a  volume  of  2  microliters 
of  sample  or  standard  was  injected  into  the  chromatography  system.  All 
instrumentation  was  calibrated  daily  using  standard  solutions  prepared 
from  working  agent  stocks.  The  detection  limit  of  the  detection  system 
was  determined  as  the  low  level  calibration  standard  for  eacn  analytical 
system  The  method  detection  limit  was  based  upon  the  detection  limit 
of  the  instrument  and  the  calculated  recovery  of  the  sampling  method. 

4.0  SPECIFIC  SUBTASK  METHODOLOGIES 

Each  experiment  within  a  subtask  had  its  own  specific  analytical 
methodology.  The  methodology  had  to  include:  (1)  methods  used  to  quench 
chemical  decontamination  and  recover  unreacted  agent;  (2)  methods  used 
to  determine  at  least  qualitatively  the  path  or  fate  of  agents  during 
chamber  decontamination  studies,  i.e.,  tudies  incorporating  hot  gas, 
steam,  vapor  circulation,  flashblast,  ventilation,  and  OPAB  decontamination 
process;  (3)  determine  interferences  from  decontaminants,  their  products, 
or  the  substrates  under  study;  and  (4)methods  used  perform  decontamination 
validation  experiments  using  Army  protocols. 

Methodology  in  this  frame  work  encompasses  selection  and  utilization 
of  an  appropriate  number  of  impingers  and  selection  of  the  proper  solutions 
to  be  used  in  the  impingers  that  are  compatible  with  acceptable  analytical 
methods.  It  encompasses  the  selection  of  the  most  reliable  way  to  collect 
decontamination  products,  condensates,  etc.  and  to  wash  down  the  walls 
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of  the  chamber  and  collect  them  in  such  a  way  that  they  can  be  analyzed. 
The  following  summaries  from  each  subtask  report  in  which  a  chamber  was 
used  identify  specific  operations  that  eventually  lead  to  the  analysis 
for  agent  on  matrices  not  spiked  directly. 

4.1  Experiments  with  Gaseous,  Aqueous  Solution, 


Or  Liquid  Decontami nants  (Subtask  3) 


4.1.1  50  Percent  MEA  Water  Solution 


After  adding  the  agent  to  a  continuously  stirred  beaker  containing 
50  percent  monoethanol  amine  and  distilled  water,  5-ml  aliquots  of  the 
stirred  mixture  were  removed  at  intervals  of  10,  20,  40,  60,  120,  240, 
and  1440  minutes  and  extracted  once  with  5  ml  of  methylene  chloride.  As 
shown  in  Table  3,  VX  was  the  only  agent  that  was  extracted  with  methylene 
chloride  without  first  treating  the  aliquot  with  40  ml  of  63  percent  acetic 
acid  to  bring  the  solution  to  a  pH  3.  Both  GB  and  HD  aliquots  required 
this  treatment.  The  extracts  of  the  aliquots  were  analyzed  by  GC-FPD 
using  either  the  P  mode  or  S  mode.  Because  the  apparent  absence  of  GB 
destruction  as  measured  by  the  retention  time  using  GC-FPD,  a  GC-MS 
analysis  of  the  extracts  from  a  repeat  experiment  was  done  to  determine 
if  GB  survived.  The  analysis  showed  that  GB  was  destroyed  and  the 
decomposition  product  had  a  retention  time  identical  to  GB  during  gas 
chromatography. 

4.1 .2  100  Percent  MEA 


These  experiments  were  performed  similar  to  the  50  percent  MEA 
experiments.  The  5-ml  aliquots  were  removed  at  predetermined  intervals 
after  addition  of  the  agent.  Those  aliquots  removed  from  experiments 
using  GB  and  HD  were  acidified  with  40  ml  of  acetic  acid  before  a  single 
extraction  with  5  ml  of  methylene  chloride.  Aliquots  removed  from  the 
VX  experiments  were  extracted  directly  and  analyzed  using  GC-FPD  (as  was 
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the  extract  from  HO).  GC-MS  was  used  to  analyze  the  extracts  from  the 

GB  and  the  VX  experiments  for  the  reaction  products.  Z 

\  * 

4.1.3  OPAB  Experiments  ^ 

Two  formulations  of  OPAB  were  used  in  these  experiments.  As  the 
active  components  of  the  formulation,  one  contained  a  sodium  salt  of 
1 -octyl pyridini urn  4-aldoxime  bromide,  the  other  simply  the  OPAB  compound 
dissolved  in  water.  The  agent  was  added  to  the  stirred  solution  of  OPAB 
and  10-ml  aliquots  were  removed  at  intervals  of  20,  40,  60,  180,  240, 

360,  and  1440  minutes.  The  aliquots  were  extracted  once  with  10  ml 
methylene  chloride  and  the  extract  analyzed.  For  aliquots  from  the  ■>; 

experiments  involving  HD  and  VX,  the  extracts  were  analyzed  by  GC-FPD. 

For  the  GB  studies,  GC-MS  also  had  to  be  used  in  the  analysis.  Supplemental 
GC-MS  spectra  were  obtained  of  the  extracts  from  the  OPAB/VX  and  OPAB/HD 
experiments  to  determine  some  of  the  reaction  products. 

4.1.4  Steam  experiments  Z 


In  an  apparatus  designed  for  exposure  of  agent  supported  on  a  Teflon 
wool  plug  to  gases  or  vapors,  the  agent  was  treated  with  steam  generated 
in  a  flask.  The  condensate  was  returned  to  the  flask  without  contacting 
the  Teflon  plug.  After  allowing  the  flask  to  cool,  a  5-ml  aliquot  of 
the  water  collected  in  the  flask  after  each  refluxing  period  was  taken 
at  intervals  of  5,  20,  60,  and  120  minutes.  The  aliquots  were  extracted 
5  ml  of  methylene  chloride.  After  the  reaction  was  completed,  30  ml  of 
hexane  contained  in  a  fresh  flask  replaced  the  water  flask  and  then  refluxed 
for  one  hour  and  saved.  The  Teflon  plug  was  then  removed  and  extracted 
with  5  ml  of  methylene  chloride.  Decontamination  effectiveness  was  deter¬ 
mined  by  analyzing  extracts  of  the  condensates,  the  hexane  rinse  and  the 
extract  of  the  plug  by  GC-FPD  for  GB,  VX,  and  HD.  Major  decontamination 
products  contained  in  the  extracts  from  the  condensate  were  determined 
by  GC-MS. 


,  ^  t  ^  ^  k  *  .  ‘  '  n  *  .  *  i  '  1  .  ' 
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4.1.5  Anhydrous  Anwonla 

After  contacting  the  agent  loaded  on  the  Teflon  wool  plug  with  ammonia 
vapor  for  periods  of  20,  60,  and  120  minutes,  the  ammonia  was  allowed 
to  evaporate  from  the  apparatus.  After  each  such  exposure  the  flask  was 
extracted  with  5  ml  of  methylene  chloride.  A  hexane  reflux  of  the  equipment 
followed  by  a  5  ml  methylene  chloride  extraction  of  the  Teflon  wool  plug 
were  also  collected  and  analyzed.  Destruction  effectiveness  was  determined 
for  GB,  VX,  or  HD  from  analyses  performed  by  GC-FPD  in  the  three  extracts. 
The  reaction  products  from  the  VX/NH3  decontamination  reaction  were 

extracted  from  the  flask  with  5  ml  of  methylene  chloride  ana  tnen  analyzed 

by  GO- MS. 

4.1.6  Ammonium  Hydroxide  (NH-^/Steam) 

These  experiments  were  performed  in  the  manner  similar  to  the  steam 
experiments.  However,  a  reflux  period  of  only  60  minutes  was  used.  The 

condensate  in  the  flask  was  extracted  with  5  ml  of  methylene  chloride. 

A  hexane  reflux  rinse  (30  ml)  of  the  apparatus  was  collected  and  the  Teflon 
wool  plug  was  extracted  with  5  ml  of  methylene  chloride.  The  respective 
extracts  were  analyzed  for  GB,  VX,  and  HD  by  GC-FPD  to  determine  destruction 
efficiencies.  The  condensate  extracts  were  used  to  determine  the  products 
of  decontamination  from  the  GB  and  VX  experiments  by  GC-MS. 

4.2  Chamber  Decontamination  Experiments 
(Subtasks  5  and  6) 


The  chamber  used  in  evaluating  decontamination  concepts  was  designed 
to  perform  substrate  decontamination  in  triplicate.  The  design  permitted 
collection  of  volatilized  agent,  of  condensate  and  spray  solution,  and 
of  agent  diffusing  through  porous  substrates.  It  was  designed  to  be  easily 
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rinsed  with  solvent,  and  the  solvent  collected  for  analysis.  The  combin¬ 
ation  of  isopropyl  alcohol  and/or  hexane  rinse  also  served  to  decontaminate 
the  chamber  between  experiments.  The  experiments  performed  in  the  chamber 
were  undertaken  to  demonstrate  the  decontamination  effectiveness  of  concepts 
employing  hot  gases,  steam,  FREON  113®  vapor  circulation,  flashblast  and 
OPAB  spray.  Experiments  were  also  performed  to  determine  the  amount  of 
agent  lost  from  nonporous  surfaces  during  ambient  air  circulation.  The 
following  describe  the  procedures  used  to  sample  and  analyze  for  residual 
agent  or  their  reaction  products  collected  in  impinger  solutions,  conden¬ 
sates  collected  liquid  decontaminant  and  chamber  rinse  solutions. 
Substrates  investigated  are  those  cited  earlier,  i.e.,  stainless  steel, 
mild  steel,  painted  steel,  concrete,  and  unglazed  porcelain. 


4.2.1  Coupons 

Coupons  that  had  been  originally  spiked  with  agent  were  removed  from 
the  chamber  after  the  completion  of  the  decontamination  experiments 
according  to  the  respective  test  plan  procedures.  The  coupons  were 
individually  extracted  by  immersion  in  50  ml  of  hexane.  Methylene  chloride 
was  not  used  foi  '"'traction  because  it  also  extracted  paint  components 
that  interfered  with  agent  analysis  by  GC-FPD.  The  coupons  were  allowed 
to  soak  in  hexane  for  5  minutes.  This  hexane  extract  was  collected  and 
concentrated  to  one  ml  using  a  Kuderna-Danish  evaporative  concentrator 
prior  to  analysis  by  GC-FPD  or  if  necessary  by  GC-MS.  The  procedure  used 
to  extract  concrete  and  unglazed  porcelain  coupons  was  described  earlier 
(Section  3. 2. 2. 2). 

Standard  solutions  containing  known  concentration  of  agent  (i.e., 
10  ppm,  1  ppm,  0.1  ppm)  were  regularly  used  for  preparation  of  calibration 
curves.  The  standard  solutions  were  analyzed  at  the  same  conditions  as 
the  sample  extracts  and  usually  interspersed  with  them  when  an  autosampler 
was  employed.  Such  a  procedure  also  provided  for  a  continuous  performance 
check  of  the  GC-FPD  equipment. 


Impingers  were  used  either  to  collect  vaporized  agent  contained  in 

the  chamber  exhaust  stream  (hot  gas  and  Flashblast  decontamination 
experiments  and  the  vapor  sampling  and  ventilation  experiments).  For 
the  hot  gas  and  Flashblast  experiments,  ethylene  glycol  diacetate  (EGDA) 
liquid  was  used  in  impingers  for  HD  experiments,  while  pH  3.7  distilled 
water  was  used  in  the  GB  and  VX  experiments.  The  acidic  water  is  prepared 
using  sulfuric  acid.  Since  January,  1985,  pH  4.5  water  has  been  used 
in  Impingers  during  the  hot  gas  experiments.  This  change  was  recommended 
by  USATHAMA's  Analytical  Branch  through  the  Program  Technical  Representative 
(COTR)  as  a  new  standing  operation  procedure  (SOP)  for  impinger  studies. 
Exhaust  gas  was  drawn  through  the  Impinger  train  at  a  rate  of  46  to  58 
liters/min. 

In  those  experiments  where  nonporous  substrates  (steel)  were  being 

decontaminated,  2-500  ml  Greenberg-Smith  impingers  were  used  in  series 
to  capture  the  agent  vaporized  into  the  main  compartment  of  the  chamber. 
The  solutions  were  combined  and  the  volume  recorded.  Aliquots  were  taken 
for  analysis  or  stored  at  -5  C  until  analyses  could  be  performed.  In 
those  experiments  where  porous  substrates  were  used,  a  pair  of  25  ml 
Impingers  in  series  were  also  used  to  capture  any  agent  that  vaporized 
through  the  substrates  and  swept/drewn  from  the  back  compartment  of  the 
chamber  at  flow  of  about  5  liters/min.  About  100  ml  of  liquid  was  used 
in  each  500-ml  impinger  (also  about  100  ml  of  glass  beads)  and  10  ml  In 
each  25  ml  impinger. 

Aliquots  of  the  EGDA  were  analyzed  for  HD  using  GC/Hall  Detector 
without  prior  concentration.  This  method  gave  a  detection  limit  of  0.2 
microgram/ml.  The  pH  3.7  (and  later  pH  4.5)  water  was  analyzed  directly 
without  concentration  for  the  presence  of  VX  or  GB  using  the  Technicon 

Industrial  System  Autoanalyzer®.  This  enzyme  inhibition  method  gave  a 
detection  limit  of  0.2  microgram/ml  for  GB  and  0.02  microgram/ml  for  VX. 

A  pair  of  500  ml  impingers  were  used  in  the  ventilation  experiments 
in  which  agent  vapor  in  equilibrium  with  the  agent  spiked  on  steel  or 
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painted  steel  coupons  was  drawn  from  the  chamber  to  determine  losses  from 
simple  transpiration  during  the  heat-up  periods  of  the  hot  gas  experiments. 
The  volume  of  the  contents  of  the  impingers  was  measured  and  aliquots 
were  taken  for  analysis  of  GB,  VX,  or  HD.  The  EDGA  aliquot  containing 
HD  was  analyzed  by  GC-Hall  Dectector  and  the  pH  3.7  water  containing  GB 
or  VX  was  analyzed  by  the  Technicon  Autoanalyzer. 

A  pair  of  25-ml  impingers  were  used  in  series  to  capture  any  residual 
agent  vaporized  from  decontaminated  coupons  from  the  hot  gas,  steam,  and 
OPAB  experiments.  During  the  vapor  sampling  tests,  contaminated  coupons 
that  had  been  decontaminated  by  one  of  the  three  methods,  were  heated 
up  to  60  C  and  sufficient  heated  air  (60  C)  was  drawn  through  a  chamber 
containing  the  coupon  to  provide  a  measure  of  the  minimum 
time-weighted-averages  (TWA)  for  the  agent  concentration  in  the  stream 
air.  The  impinger  solutions  were  then  analyzed  HD,  GB,  or  VX  without 
further  concentration  by  GC-Hall  Detector  or  Technicon  Autoanalyzer. 

The  condensate  recovered  in  the  sump  and  impingers  from  the  experiments 
in  which  FREON  113®  vapor  was  used  was  concentrated  to  approximately  5  ml 
using  a  rotary  vacuum  evaporator.  The  volume  was  further  reduced  to  1  ml 
using  the  Kuderna-Danlsh  concentrator.  The  concentrated  liquid  was  analyzed 
for  the  respective  agent  by  GC-FPD. 

4.2.3  Condensates 

The  water  condensates  collected  during  the  steam  decontamination 
experiments  and  the  water  recovered  from  the  hot  gas  decontamination  experi¬ 
ments  were  combined  at  the  end  of  the  experiment  and  extracted  with  3-50  ml 
portions  of  methylene  chloride.  The  extracts  were  combined  and  concentrated 
to  one  ml  using  the  Kuderna-Danish  concentrator  technique.  The  concentrated 
extract  was  analyzed  by  GC-FPD  operating  in  either  the  P  or  S  mode. 

4.2.4  Chamber  Washdown 

After  the  completion  of  each  experiment  in  the  chamber,  the  walls 
and  other  exposed  surfaces  (Including  the  lid)  were  washed  down  with  either 
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hexane,  alone  or  isopropyl  alcohol  followed  by  hexane,  k' sn  no  water 

was  present  hexane  was  found  to  be  effective.  However,  in  those  experiments 
where  aqueous  solutions  were  used  or  water  condensation  had  occurred, 

hexane  was  unable  to  remove  the  water  from  the  walls  and  metal  parts  of 
the  chamber.  It  was  necessary  to  use  isopropyl  alcohol  first  to  dissolve 
the  water  droplets  in  the  alcohol  and  then  rinse  with  hexane.  Either 
the  hexane  wash  or  the  water-isopropyl  alcohol-hexane  wach  mixture  were 
collected  through  the  sump  of  the  chamber  compartments.  The  volume  of 

the  collected  samples  were  reduced  first  by  rotary  vacuum  evaporation 
to  about  5  ml  and  then  by  Kuderna-Danish  concentrators  to  1  ml.  When 

the  isopropyl  alcohol  (bp  82.3  C)/hexane  (bp  69  C)  mixture  was  evaporated, 
the  isopropyl  alchol  remained  behind  as  the  solvent  for  the  agent  removed 
during  the  washdown.  The  hexane  or  isopropyl  alcohol  samples  were  analyzed 
by  GC/FPD  operating  in  the  S  mode  for  HD  and  in  the  P  mode  for  GB  and 
VX. 


5.0  PROBLEM  AREAS  AND  THEIR  RESOLUTION 

Early  difficulties  (low  sensitivity  and  selectivity)  encountered 
using  GC-FID  (flame  ionization  detector)  to  analyze  for  the  agent  residues 
remaining  after  decontamination  of  the  low  level  spikes  of  stainless  steel 
were  overcome  with  the  dedication  of  a  GC-FPD  instrument. 

In  order  to  overcome  the  lack  of  the  sensitivity  of  the  flame 
ionization  detector  for  determining  the  small  quantities  of  agent  remaining 
after  decontamination  of  the  low-level-spiked  coupons,  a  30-meter  glass 
capillary  column  was  incorporated  with  a  flame  photometric  detection  system. 
Its  improved  sensitivity,  shown  dramatically  by  comparison  of  Figure  1 
with  Figure  2,  gave  a  detection  limit  of  0.1  microgram/ml  for  each  agent. 
Battelle  has  shown  that  the  glass  capillary  column  is  reliable  for  the 
determination  of  VX  despite  the  tendency  of  this  compound  to  adhere  to 
untreated  glass  surfaces.  This  method  of  VX  analysis  is  currently  being 
used  by  USATHAMA. 
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FIGURE  2.  GLASS  CAPILLARY  COLUMN  CHROMATOGRAPH  OF  THE  SAME 
SAMPLE  OF  GB  IN  FREON  ( FPD) 

654 


A 


i 


IX-31 

6.0  CONCLUSIONS  AND  RECOMMENDATIONS 


The  analytical  methodology  based  on  the  extraction  of  agent  contami¬ 
nated  or  treated  substrates  with  hexane  or  methylene  chloride  is  a  viable 
alternative  method  to  the  vapor  sampling  method.  It  has  been  demonstrated 
to  be  reliable  and  reproducible  when  the  samples  are  analyzed  by  GC-FPD 
for  GB  and  VX  and  GC-Hall  Detector  for  HD. 

In  any  further  demonstration  of  the  effectiveness  of  structure 
decontamination  processes  in  the  field,  and  perhaps  when  it  is  necessary 
to  demonstrate  that  residual  agent  has  been  removed  from  a  structure. 
The  Extraction/GC-FPD  analytical  method  can  prove  to  be  a  reliable  alter¬ 
native  to  the  impinger-air  sampling  technique  employing  the  less  specific 
enzyme  inhibition  colorimetric  method  for  analysis.  For  these  reasons, 
Battelle  recommends  that  the  Extraction-GC  method  be  considered  for 
certification  by  USATHAMA  as  part  of  any  future  demonstration  program. 
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